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‘A veling & Porter, Ltd., 


Rocwester, Kent. 
and 72, CasNon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY, 
STEAM WAGONS. TRACTORS. 
CEMENT-MAKING MACHINERY. 6808 


A. G& Mauntord, L* 


OULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY AND Wak OFFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FRED PUMPS. 

See Advertisement, mee 33. 


NT was et BOILE 
sg UTOMATIC FEED y REGULATORS, 
- Mach’ as supplied to the 
And Auxiliary aAmtralty. PP 279 


enry Butcher & Co., 


VALUERS arp AUCTIONEERS, 
Specialis in the 





ENGINEERING, FOUNDRY & METAL TRADES. 


for 
PLANT AND MACHINERY. 
63 aNp 64, age nae LANE, 
LONDON, W.C: 2 





"Phone: Holborn 2295. 6391 
____ Telegrams: Penetrancy, Holb., London. 
ranes.—Electric, Steam, 


HYDRAULIC and HAND. 
eee Iai ac 
GEORGE RUSSELL & CO., Lrp., 
=i Motherwell, near Glasgow. 6461 
STEEL TANKS, PIPES, GASHOLDERS, &c, 
FTthos. Piggott & Co., Limited, 


RMINGHAM. 4457 
___ See Advertisement last week, page 110. 


Pienty | and Gon, 


MARINE BHGINBERS, &c. 
Newsvry, Byeianp. 


flank Locomotives. 
Rpoctfiontion and bet mace ener equal to 
ne 
Rk. & W. wausuned, LRSLIN ¢ « OO,, Lrp., 
Eyerverrs, NEWCASTLE-ON-TYNE. 6450 
the 


age 4 _Railway 
London Ooe td Victoria a, 8. we 














ring ( Company, 








ANUFACTURERS © 
RAILWAY OARIIAGH, Wi WAGON GOR AN D TRAMWAY 
CARRIAGE & WAGON LRONWORKS, also 

CAST-STEEL AXLE BOXES. 6539 
P & W. MacLellan, Limited, 
* OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND. WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGHS, ROOFING, &c. 
Chief Offices: 129, Trongate, Guascow. Od 8547 
Registered, Offices: 1084, Cannon 8t., London, B.C. 
ruler, Horsey, Sons & Cassell, 
SPECIALISTS 
SALE AND VALUATION 
PLANT AND MACHINERY 
ENGINEERING WORKS. 
138, HIGH HOLBORN, LONDON, W,.@. 1 
[2vineible ( ; auge ( . lasses. 











SHIPBUILDERS AN. peg BERS, 


Gq: : 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
BXxceprionaL SHALLOW DRAUGHT. 


Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, wasen 


Columbia, 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


MILLWALL, LONDON, B. 
General ConsTRUCTIONAL BN@IVEERS, 


Boilers, Tanks & Mooring Buoys 
Stitis, Perrot Tawxs, Arm Recetvers, Sree. 
Curmyeys, RIyeTep STRAM AND VENTILATING PIPES, 

Hoppers, Special Work, REPAIRS | ora ALL Kinvs. 


1216 





(\ampbells & Heer, L 4. 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 


°¥{ achts, Launches, or Barges, 


Built complete with Steam, Ol) or Petrol 
Motors, ; or Machinery supplied. Od 3551 
VOSPER & CO., Lrp., rs SrReetT, PorTsMOUTH 


Sres Mel Senne: or 


ARTSHMRRIB ENGINBERING & FORG 
Stree, G moos 


4547 











Q” FUEL APPLIANCES. 


Systems 

PRESSURE, — STEAM. 
For Boilers of ali types. 
KERMODES ge 
35, The Temple, Dale Street, 

Liverpool ; and 

109, Fenchurch §t., London. 
Naval Outfits a Speciality. 


4078 





ocomotives | Tank Engines 


MANNING ‘W. WARD: DLE A ‘AND y COMPANY, ‘Limirep, 
Works, Leeds. Oa 





248 
See their Tilue. Ai Advertisement, page 128, last week. 
ochran MULTITUBULAR AND 
C OCROSS-TUBE TYPHS. 
Boilers. 
See page 101. 6455 


Steel 
7 wey Automatic 


ittings. 
F g 


G tewarts and Lvds, L4 


Glasgow and Birmingham. 


and 


I['ubes 


See Advertisement page 56. 


Pvbber 


Packings 








MANUFACTURERS 


* Redstone ” 
* Bluestone” 


GUTTA PEROHA & RUBBER, LIMITED, 
Canada. 6702 


CO?” Pian te (een 


Toronto 





DI-OXIDE 


for Chemical & Mineral Water Mfrs, & Breweries. 
Reap & CAMPBELL, Ltd., 100, Victoria 8t., London, 
8.W, Telegrams—" Valorem, London.” 


CO* Fre ae 


for Publicand Private Bldgs., Blectric Rellow 
Tae Batrisn Fire AppiiancesOo.,Ltd.,) ~ 
St., London, 8.W, Telegrams—“ Monecia. a0, Viegors 7m 


Rubber Stamps, Stencils, 
Suaseen, Donate Mage Bes, Tee 








Munition Faetories, £¢. 
Stencil Ink, all Colours, in Stock. 
ASH RUBBBR STAMP OO., Lep., 
19x, Constitution Hill, Birmingham. 
Telephone—Central 788. Telegramse—" Stpssu.” 





RAILWAY AND TRAMWAY ROLLING STOCK. 


H™* Nel son & Co: [4 


Tae Giascow Romine Srock anp PLant bape 
MOTHERWELL. Od 3393 


= (J tipoly : 

MAUHINE BELTING 
FOR 

Drivizs 


(lonveying 


; Bi levating 








Sotz MANUFACTURERS 


Lewis & Tylor, Lie 


(48 and Oil Engine Repairs. 


—BE. J. DAVIS & CO., Great Bastern Road, 
Stratford, B. 15. 
Tel.: 186 and 187 Stratford. 
Gram. : Rapidising, London. 1794 


Ox 200 K.W. Steam 


GENERATING SET 
FOR IMMEDIATE SALB, 
Willans-Mather & Platt, 220 er 440 volts. 
Perfect working cendition. 





2734.) LONDON: FRIDAY, MAY 24, 1918. Put Ofc on « Nevopaper | Les ee hia. 
Y #rrow & Co., Ltd., _j ohn Bellamy, [_jamited, ples Limited, 


% NEEBRS, IRLAM, OH 
FEED WAT LHBAT _ eh Sate 


CALOR BV AFORATO Row’'s 
CONDENSERS. atta BATERS. — Parewrs. 
ST au GASe KBTTLES. 


Merrill's Patent TWIN STRAI 
for rane Suctions. 
SYPHONIASTBAMTRAPS, REDUCING VALVRS. 
High-c GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 6123 


VY atrow Patent 
ater-tube Boilers. 


Messrs. YARROW & OO., UNDERTAKE the 
oy ey and MAUHINING of the Ln eng) te 
of Yarrow 


Boilers, such as the Gnas Dru 
Pockets, by a epee for Bri rama, Water 


e necessary taoilist 
YARROW re Ob. Lrp., Scorsroun, GLASGOW, 


Mietthew pal & Co. L@- 
Lavenvens Wonrxs, Dumbarton. 6054 
See Full Page Advt., page 58, May3. 
Froreings. 
‘Walter GQomers & Co., Ltd., 


HALESOWBN. 


H4 W nighteon & (Oo. 


LIMITED. 


See Advertisement page 48, May 10. 
([\eylor & (jhallen 


Presses. 
8196 


TAYLORACHALLEN, Lp., Engi B AM 
te Fall | Page A Advertisement ‘May 8. 

















ailway 
G witches and 
© rossings. 
tT. eee LIMITED, 


ment.—Maxted & Knott, 


Lrp,, Consulting Cement ADVISE 


GENE ¥ on FOR 
EN ROAD, ADVIOH ONLY. 
Highest references. Hstablished 1890, 


Cablegeenn tesa he 6200 
} ™proved High Pressure 














R. A Pickering & Co., Ltd., 
(EsTaBLisHED 1864.) 
BUILDERS of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds, ’ 
RAILWAY WAGONS FOR HIRE. 


JENNINGS, “a ae BWABLE DISC GLOBE VALVB. 
eS ree See our Advertisement in last week's issue, page 20, 
ame. BRITISH STBAM SPRCIALITIRS, Lep., 
Builders. of I ocomotives, Petters Street, Lefecster.___. 
ee oo 2g tenis. achine and Engineering 
WORK of all — undertaken for 
Manufacturers, Patentees, £0. Also repairs and 
or” x. epartmen So. renewals, Best work, —ROSSER 
Pinee, New York. & RU Lrp., Queen's Whert, 
Or R. 8. Nass PA’ a & a Lta., 
Lendon Bldgs., London. — are pared to undertake manufacture 
onie = aPELY, New York. y— at present madeabroad, and be pleased to hear 
New Catalogue 12 A mailed on 7 sh mw Tirsged from firms desiring such work execu’ om 


CHANTIBRS & ATRLIRNS = 
ugustin - ormand 
67, rae de Perrey—LB HAVRE 
(France). 





Chief Works and Offices : —_ 
PTT ORT NOS, £36. CARDIFF. 6665 WISHAW, near GLASGOW. Detrogess, Senet Bow mis, Yachts ind Fost Bente, 
‘ewton Heath Glass Works, London Office : 8353 xORMAG Conn Patent Water-tube Boilers, Coal or Of 
Manchester. 04a 9753| Loxpon. MANCHESTER. GLaseow. 3, Vicroria Street, WesTMinstTeR, 8.W. e ing. Diesel Ofl Engines. 
Iron and Steel New Chicago Automatics, D redging Si lant "Clentrifugals. 
lubes and eS ee 
Three Sizes, Delivery from Stock. 


6145 


The Scottish Tr Tube Co., Ltd., 


Hav Orrice ; 34, Robertson Street, Glasgow. 
See Advertisement page 48. 


NEW GAPSTANS, 1} in. through the wire feed. 


JOHN MACNAB, Many Sraeer, Hrps. 
6102 





Tel. No.: 78 Hyde. 


DESCRIPTIO: 
FLOATING ORANES, COAL “BUNKERING 
VESSELS. 


Werf Conrad, =A. 
Priars 


Agents: MARINE WO 
30-41, New Broap 8r., LO iN, B.0. 





an bibigegs Adbattslens ant ak was 


a —— & Williamson, 


f MOTHERWBELL, SCOTLAND. 


6246 
See half-page Advertisement page 90, May 17. 
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B ritish Association of 
Chemists. 


PROVISIONAL SOCIETY. 


IMPORTANT NOTICE, 


“LOCAL GENERAL ae Hage are glia con- 
vened to discuss the resulte of t 


Manchester Steam Users’ 


eye ag 
For the Prevention of Steam Boiler Explosions and 
sor Sie Steines & Economy in wands gy 
of Steam. 9, Mount Srreer 
: © as STROMEYSR, LC.B. 
1854 by Sir WruttaM Farrparen, 

Certiticates oo yissued station for Dastagen 
ao Lieb eo Cempensation f 
thee paid in case of Explosions. 





he 
between the Bxecutive of the Provisional Soci y of 
the British Association of Chemists and the Oounall 
of the Institate of Chemistry. 


All Chemists sae ease conform to (A) 
or (B) below are invi: to attend and vote on the 
following resolution and question :—* 





gina I. Mech.E., BS Se., 
Leta aga i, Be 


HR.Sen 1, PREFAIONS G 


Poo 


CANDIDATES 
Hundreds of 


at any time.—-99, "Victoria 
6789 








(1) That the proposals ¢ Institute of Ch 
ratified by the poor bet "8 Proveertlawty Goss (ner 
Meeting on April 27, 1918, reasonably meet 
the suggestions of the British Association’ of 
Chemists’ Inaugural Meeting in Manchester on 
November 10, 1917. 

(2) Are you in favour 

BAC. afer Local Sections © 
y Chemistry have been form 


*See B,A.O, Executive Report, 


of the continuance of the 
ha Institute 


Q uXLIFICATIONS ; 
(A) par person herding 
ts equivalent) wit 
--- bject. 


(B) Any person who can show evidence satis- 

factory to the Council of having had a 

t general education and of having 

ractised pure or applied Chemistry for not 

eas than seven years, and who now holds a 
responsible position. 


a University 
Chemistry as 


‘ee (or 
neipal 





LOCAL SECTION GENERAL MEETINGS. 
(Dates and Hon, Secretaries). 
BiRMINGHAM— 

F. ea A. H, Lantsberry, 

+» M.8e., Tech., 
P L. Te. 63, Walford Ra.. 
Sparkbrook, Birming- 
ham. 


oo , May 23, at 
ad sy 4 in the Uni- 
se ty, 


Birmingham. 

EDINBURGH and RAST OF SCOTLAND— 
B. Tin Luff, Hsq., Tuesday, May 28, at 7.30 
F.1.0, Ashley Ter- -m., in the Chemical 
race, hatnburgts ept. + University, 


Edinburgh. 
Chairman—Prof. James Walker. 


GLASGOW and WEST OF SCOTLAND— 
W. H. Coleman, "S ¥ atte at 7 


Athole Gardens, New- re 
lands, Glasgow. “ny mam College, 
Glasgow 


HUDDERSFIELD. hae 
wson . 
A.1.0., 155, Bradford 
Road, Huddersfield. 


Meeting already held. 


+ 44, Saturday, -” 
ary 9 2.30 44 u the inci 
Road, jo "Mariners 

Room, West St., Hu t 


26, 
Cottingham 
Hull. 


LEEDS and BRADFORD— 

B. Hickson, + M.Sc., Friday, May 24, ab 6.30 
c/o Messrs. Hickson & Lary in the Metro- 
Partners, Ings Lane, pole ‘Hotel, Leeds. 
Oastleford, near Leeds. 

LIVERPOOL— 

Dr. F. W. Kay, the arene AB ~ ay 26, at 
Chemical part- a the 0 Uhemical 
ment, The University, ture Theatre, The 
Liverpool. University. Liverpool. 

LONDON— 

Prot. J. 8. 8. Brame, 3, Meeting already held. 
Vanbru f h Fields, 

Biackheat! London, ° 


ee 
A. H, 


B.Bc., Toot 194, Mek: 
ley “Road, halley 
Range, Manchester. 
NBWCASTLE-ON-TYNE— 
Dr. J. H. Paterson, The Saturday. 
Green, Wallsend-on- 3 pein te the attning 
Tyne. Institute, Newcastle- 
on-Tyne. 
Mor. HP. Hedley” clo Wednesday, Ma 
. BP. t) . 29. 
—s bbe Briticn " e 
ellulose mpa 
Spondon, near Derby, 
re 
R. Bolsover, oN Meeting already held. 
Phas. Met., 31 
sington Road, Mioees 
, Sheffiela. 


oC Ma shel te F.L.0., Saturday, Ma 
asfleld, »F.1.0., Satu 
West more. 2, ™. stainedtephney 


South Walon otel, Lie 
man—Dr. J. W. "aeVavia. 
a } 
An Admission Ticket, Ballot epee, Execative 
on applics tion 


Report and Circular can ‘be obtained 
to the Local or General Secret: 


Chemists Rx yd to gees a cneeks ove 
completed ba Ls «he tae Heocnl Oe Secreta: 
se velope Rene A “ Ballot") or to the General 
es Af not resident tn any of the above 
m areas. 


NOTIOR. 


a ee GENERAL MBBTIN 

‘tm Manchester, at ee oo 
of Technology, Sackville Street, on 5 co =, 
quae | 16, 1918 ‘at 2.30 p.m., Dr, ‘Altred Rée in 


At this Meet of the voting 
pets wilt ‘be pervs, da the ~ esol 
re > e recom 
from these sections wil! be discussed. _ 


Friday, May 31. 


the result of 
fons 


Tickets of ad ri be obtained 
prong Mg guatlications mn B) een tr pote te 


“Signed on boat o BREAD. 
10, Malvern Road, — era 4 
Acocks 


"Fakigeme. 





TO ENGINBERS, CHEMICAL MANUFAC- 
TUREBRS AND FIRMS INTERBSTED IN THE 
ELECTROLYTIC DEPOSITION OF COPPHR. 


kes Sale, by Tender, certain 


PLANT, py! or gael and MATERIAL 
ee ay | used’ by Shell Bands, Lta., Electricity 
hae gee aoe Saye in the manufacture of 
: y electrolytic process, 
incled T Fn ae tension Switch Gear; one 
260 K.W. Transformer, 8000 to400 volts, two Dynamos, 
2500 am peres each at 60 volte pressure, various 400 volt 
A.C. Motors, two Bryan Donkin Compressors, twelve 
sets of special Spinning Gear for rotating mandrels, 
pants with Ner Mechanical and 
rical 1 Aaa es and orders to 
view can be ined from the eiver, A. DODDS 
FAIRBAIRN, 


Accountant, 67, 
Watling Street, Lendon, B.0. 4. L 467 








APPOINTMENTS OPEN. 
RADCLIFFE EDUCATION COMMITTER. 
The Committee are prepared to receive 


A PPiscreanes or the Post of |° 
RINCIPAL of the Techuical School, with 
hich will be combined the duties of Head Master 
ot eater Technical School, which latter is proposed 
to be opened in September next. 
A ts should possess a Universit, 
or ite equivalent. Preference will be given 
Further part 





strove mies 


‘Gemeiting salary 2390 annum. 
toa’ 8, endorsed *‘ Principal,” should be in 
the hands of the undersigned not later than Noon 
on Monday, June 3rd next. 
8. MILLS, 


Council Offices, 
Radcliffe, near Manchester 
eee 1918. 
NBWTON-IN-MAKERFIELD 
HIGHER BDUOATION COMMITTEB. 


JUNIOR TROHNIO ICAL SCHOOL. 


The Committee | require the 


ervices of a Headmaster of a 
Junior be a pa | School moet be ont ia 
echnical Classes. 
uivalent 
nical 
— Appli- | 8@ 
cations should be sent, before June 18th, to the 
CLERK to the Council, Town Hall, Earlestown, 
Lancs, hon whom further details may be aaa x 
— 

BDUCATION ‘COMMITTRE 


The Middlesbrough Rducation Committee invite 


pplications for the followin 
for TEACHERS in a Junior Techn’ 
cal School to be o 2% st next, 
Head Master B.Sc ngineering. Salary, 
£276 ent 216 War aemasens a 
Master (Physicsand Chemistry). Salary, 
2180 wad 216 Was a, wer Inerom 


nceremen 
(English ‘and Mathematics). 
ney ee os ‘2180 witha £16 War Inorement). 
ter (Woodwork). Salary, 2180 (with 
ye phew ment 
Applicants should ‘state In detail their educational 
ualifications and their educational experience in 
echnical School work, and before making an 
a ew should write for a “ Report " dealing 
pulsations, “oth June, i918, ome ving 
ap! une, 
BMMBERSON BROKWITE. 
irector and Secretary. 
Education Offices, Middlesbrough. 
13th May, 1915. L 455 


COUNTY BOROUGH UF BARROW-IN-FURNBSS 
TECHNIOAL GAL SCHOOL. 


Apel lications ar are Invited for 
iworokins in in BNGIN RING at the above 
School. 


RING at the above 
candidates baggy Ae en uired 
apa ty ay September. Salary £150, 
rising to £250 per annum, according to scale. In 

the commencing salary, a will be 
aon Se ag & ine ae 
Sot focah toe mora pt a ae x 

‘own Hall, Barrow-in- Furness, to whom a 

be sent not later than noon on Saturday, 3 


918. 
By Order, 
L. HEWLETT, 
Town Oterk and Clerk to the 
Bducation Sony, pom 


L441 








uw 


Town A aad 


MUNICIPAL TECHNICAL SCHOOL, 
LON DONDBRRY. 








Inst, 0.B., Pel. 
0-1 | shifts. 
personally 


L otee| A. 








— from d 
o one rnd Ca 
y.—Write, ~ Benge 3 Ha er} 


ian ea an pines onlag re. 


‘Wanted Two Good Capable 


ELECTRICIANS, must ave had ex- 
perience of bells, telephones, and lighting. Plant 


8u pervision essential.—A y; , statin, mae re 
to your nearest EMP. PLD MEN CHANGE, 
quoting No. A 5309. No lapecre already rt i 
on Government work will be engaged. L4 


teelworks Manager Wanted, 
good man with _—s. experience, to 
_— rit rer Ay a Ae ence, 
and whe “ALP ay Wa. PorTEovs 
ry ., Advertising Agents. Glasgo L 476 
A/S. CHRISTIANIA Taner 


For construction of a new 50,000 tons Rolling Mill 
WANTS a First-class 


Rotiing Mill Engineer 


whe. can hee x 3 position ig 
nd Manager for the roll mill. 
Applications nested to the direc of 
A/S. CHRISTIANIA STAALVERE, 

Bogt. 25, Christiania, Berwsy,. 

















Large Manufacturing Co. 


REQ Ss IRE Semnoteeatty SEVERAL 
BNGINENNG-IN- CHARGE for their Power House. 
Candidates must have had experience with B.H.T. 
turbo tors of not less than 6000 K.W. capacit; ¥ 
and B. & W. Marine type Boilers; and be well 
versed in meet Se works costs at a mmimum. 
pene ng a r_annum.—Apply, 
stating age, eto. BUX No. L 629, Offices of 
ENGINEERING. 


Manufacturin 

WANTED. — Genera 

Clerk, Draughtsman, Sales Manager and Efficiency 

Engineer anted for old-estabNshed Tractor and 

Implement none 7 growing rapidly. These are 

manent with good future for right men. 

© one on peomenant ae need apply. seni, 

experience, references, and sa 

ea your nearest EMPLOYMENT EX- 

OHANGE, ment mentioning this Journal and L 542. 


Meine En ngineer, Re- 
P abn my for Glass W. where extensions 

progress; must be good draughtsman and 
reek experiénce of Siemens regenerative furnaces 


and the design of special machines. The 
ability to handle correspondence and enquiries for 
materials will be a qualification for the post.—State 


age. sapeiece and salary required.— Address, L555, 
Offices of KNGINESRING. 


[the Gentlemen who Replied 

to our Advertisement, No. L 34, for a Works 
pace are thanked for their a CON ee and are 
- — ly informed that the 


Hinginces (Works) Wanted. 


be res’ ep in under nas Engineer, for 
of large factory 





Experts 
Manager, Costing 











ghly ud practical training and 
have held a similar position. Previous experience 
in a chemical factory an advan . State fullest 
lacs, with es a testimonials and sa’ 
uired. (See War Notice.) — Address, 
Othees of Exe: ~ Sh. 


ngine Required, accus-|ana 
h" gine ef Pegs aan od {netellation of 
alternators 





t 
trical Works in the ———— 
labour | Tools an advantage. 


.,and No. A 4896 


Ansan ® En ngineer for or Ship. 


Si icsntedea 
Pre cece on G 
oars or resident more than 10 a 


engaged.— Address, stating aalary, experinns. a? 
how soon avaliable, Ltt, Ofiees of Sete aan 
JPnvalided Officer ul re 
lifled to control Dredgi ‘ 
CAMPBELL, Limtren, 56 a on pe ae fect, Went 
minster. L 506 
anted, Experienced Jig 
and TOOL DESIG —_ for large Blec- 





Street, 
Knowledge of Piess 


ood salary and 
» dames > howe ase, =ee 
nd sa’ required, to your nearest hM- 
PLOYMENT Jae HA GE, ” mentioning this paper 


e Loy ex 
Government work wit be cagened, J Poe an 1496 


Paughtsman Required, must 


have had experience on design and working 
of Producer Gas Plants for power, preferably usin 
waste fuels. Permanent position to suitable appli- 
cant. State age, experience and salary required, 
No person Tre on Government work will be 
ona ed.—Apply, your nearest EMPLOYMENT 

ANG idee this Journal and L 510. 


Miechine Tool Draughtsman 


REQUIRED for speeial tools. Good oppor- 
tunity for a really smart man. ‘Controlled factory. 
Reply, siating rae: and A seleee. No one 
already on Government work ply.—Apply 
a nearest EMPLOYMENT BxronaN ix, men- 

joning No, A 5327 L 475 


[D*2ughismen Electrical) 
a = Ag the ae ws arene 

ven men experience a 

6: C. and A.C. Machines or Transformer “5 y 


uired to y 
nearest HMPLOYMENT go mentioning 
paper and No. 4805 engaged ° 
Government work will be 9 t 74 


[lool and Plant Eeeaohtemen 


REQUIRED for urgent aero and motor work 
in progressive Midland works. Permanencies for 
live interested quick men with initiative and 














8 lability. No peste, alreedy on Government work 


will be 


nearest EMPLUY- 
MENT faNal 


to your 
Tesntioning No. A 5316. L477 





anted Immediately, for a 


large Government-Controlied Factory in 
the Midlands, 


A NUMBER OF 
JIG & TOOL DRAUGHTSMEN, 
DETAIL DRAUGHTSMEN, 
FITTERS, 
TURNERS, 
UNIVERSAL MILLERS, 
UNIVERSAL GRINDERS, 
TOOL SETTERS 
for Acme & Cleveland Automatic Machines, 
GEAR CUTTERS, 
TOOL FITTERS, 
WOOD MACHINISTS, 
FOR ABRO WORK. 
Ouly those whv are of British nationality and whe 
possess the highest skill wilt be considered. 
m already em, ment work 
- 1 apt rom y employed on Govern 
Applicants should apply to their nearest 
EMPLOYMENT BXCHANGE, 
mentioning No. A 5330, 


L 492 


D2ughtsman Wanted, with 
sound aa ag neering knowledge 
orth London District. No one at 

nt on Mi BW work or residing more than 
miles away need apply.—Address L 480, Offices 





mical | of ENGINEERING. 


EMPLOYMENT 
quoting No.A: 
FyPerienced Man with Engi 


knowledge ey to rea 
Department of Alroraft 
a and to be omg oe ed tentinx’ eaneeh Se ber | 





and organise 
in shops. Must have had si: 

an Big oe ems firm. gy 6p eee stating age, experience 

BXOHANGE.. Seothening, “tate, this paper and L 500. 

No one already on Government work can 


ea area 
Wee TWiesiel Tnmediataly 
Slave Stenm Engine 





salary required, L 
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THE LARDERELLO NATURAL STEAM 
POWER PLANT. 

By Uso Funatout, Director of the Electrical De- 
partment of the Societa. Boracifera di Larderello. 
(Concluded from page 508.) 

THe idea of using the natural steam springs of 
Larderello for obtaining motive power, was often 
considered, but until comparatively recently no 
definite steps were taken to make the necessary 
experiments. In 1897 the natural steam was used 
as a means of heating water in a boiler, and the pure 
steam so produced, was employed for driving a small 
steam engine. Nothing more was attempted until 
1905, when Prince Ginori Conti, general director 
of the Larderello works, and now chairman of the 





Societa Boracifera, decided to make experiments 
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Separator 




















ENGINEERING. 


597 





intended to work the turbine with natural steam, 
but for two reasons the use of intermediate boilers 
was decided on instead, adopting the natural steam 
as a means of heating or of fuel. The first reason 
was the doubt as to the manner in which the blades 
of the turbine would have been affected by the 
gases contained in the natural steam. The other 
reason was the difficulty of obtaining sufficient 
vacuum in the condenser, on account of the 
uncondensable gases which the natural steam 
contained. This plant was inaugurated in 
1913, and was used for generating three-phase 
current at 4,000 volts, which was raised partly 
to 16,000 volts for distribution on overhead 
lines to Volterra, Saline, and to two of the 
company’s works ; and partly reduced to 220 
volts for distribution in Larderello. Encour- 
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for the use of natural steam in a piston engine. 
The results were so satisfactory, that in 1906 
@ larger engine was experimented upon, and was 
used for driving a dynamo for illuminating the 
works. This engine has now been working for 
over ten years regularly, and shows no signs of 
wear or of corrosion from the use of the natural 
steam. 

A further step was decided upon in 1912 by putting 
up a 250-kw. turbo-generator. It was originally 








+ Condensed Water from.Natural Steam 


Portion OF EVAPORATORS. 


aged by the good results given by this plant, the 
company decided on a bolder venture, and a la 
power station was erected in Larderello with three 
units of 2,500 kw. each. 

The works were begun in 1914, but were delayed 
by the European War. The first unit was started 
in 1916,* and the power station was completed 
also in the same year. The boilers, or more 








* See ENGINEERING, vol, cii, page 487. 





correctly speaking, the evaporators, were designed 
by a French firm, Messrs. Paul Kestner of Lille ; 
but they were actually constructed by Messrs. 
Mussi of Milan. These evaporators consist of a 
number of aluminium tubes contained in a shell of 
sheet iron. The natural steam circulates outside 
the tubes, while pure steam is generated inside the 
tubes, on the principle of the ordinary water-tube 


Fic. 6. Lowzr Portion or EvVAPORATORS. 


boiler. Aluminium was adopted for the 
water tubes instead of iron or steel, 
because the sulphuric acid contained in 
the natural steam would form a layer of 
sulphide of iron on the exterior surface 
of the tubes lowering thereby the coeffi- 
cient of transmission of heat. 

The tubes contained in each element 
are about 300; they are about 7 m. long, 
and have a diameter of 30 mm., and are 
disposed vertically. The pressure of the 
natural steam is about 1 atm. effective, 
and that of the pure steam generated in 
the evaporators is 0+5 atm. effective. 
The natural steam condenses partly in 
the evaporators, and the rest is dis- 
charged by an exhaust pipe, together 
with the uncondensable gases. These 
are collected for the extraction of car- 
bonic acid, and, in the future, of helium. 
Adiagrammatic view of the arrangement 
of the evaporating plant is given in 
Fig. 5, annexed, while photographic 
views of the evaporators are given in the 
adjoining Figs. 6 and 7. 

Each element is calculated to produce 
about 6,000 kg. of pure steam per hour. 
This pure steam generated within the 
aluminium tubes, is collected at the 
higher end of the evaporator element, 
and passes through a separator, where 
it deposits the water which may be 
brought up with it. A separator is pro- 
vided for every two evaporator elements, 
and these are united together in groups 

of eight elements, sufficient for one turbo alternator 
set. Two groups of evaporators are actually at 
present in working order, and others are ‘being 
mounted. Previous to entering the turbine, the 
pure steam is superheated, by means of natural 
steam, which passes through the superheater before 
reaching the evaporator elements. 

The feed water for the evaporators can be pro- 
vided in two ways, i.e., by sending into the evapora- 
tors condensed steam from the surface condensers ; 
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or by using as feed water, that produced by the 
condensation of natural steam outside the evaporator 
tubes. The second system has the advantage of 
providing water at a temperature of over 90 deg. C. 
Of course, the first system provides the purer water ; 
though no practical damage has proved to result 
from the use of condensed natural steam. The 
feed-water pumps are of the duplex type, and 
natural steam direct from the springs is used in 
the piston engine working the pumps. 

The turbo generators were provided by the well- 
known Italian firm of Messrs. Franco Tosi, of 
Legnano, near Milan. The turbines are of entirely 
Italian manufacture, and have been designed by 
Messrs. Tosi to meet the special demands of this 
plant. Each turbo-generator is capable of a 
maximum output of 3,000 kw. with 3,000 r.p.m. 
The actual net output is 2,500 kw. 

The steam being generated by the evaporators 
at a pressure of 0-5 atm. effective, a certain allowance 
is made for loss of pressure in the steam supply 
pipes, so that 0-25 atm. effective is the pressure 
regarded as available at the admission valves of 
the turbines, 

Steam consumption being about 14 kg. per net 
kilowatt-hour, over 35,000 kg. of steam pass into 
each turbine per hour, and the admission valve is 
made of ample dimensions for the purpose of dealing 
with such large amounts of low-pressure steam. 
Each turbine itself is really composed of two tur- 
bines, the inlet for the steam being at the centre. This 
device has the advantage of eliminating any longi- 
tudinal thrust, besides reducing the diameter of the 
turbine wheels. The turbines are entirely built 
on the reaction or Parsons type. Seven stages of 
expansion are allowed on each side of the rotor ; 
the first five being fitted with brass blades and the 
remaining two with 5 per cent. nickel steel blades. 

The condenser is of the surface-cooling type, 
and contains about 3,000 brass tubes of 22 mm. 
diameter, and 4-5 m. in length. A centrifugal 
pump directly coupled to an electric motor, drives 
the cooling water through the tubes, and sends it 
on to the refrigerating tower. Each pump requires 
about 300 h.p. 

Instead of air pumps, two hydraulic ejectors are 
installed below the condenser, the cool water from 
the refrigerator tank, arriving at the ejectors and 
passing on to the centrifugal pumps. Special 
attention has been paid to all details connected with 
the condensing plant, because the output of the 
turbines depends mainly on the efficiency of the 
vacuum obtained in the condenser; the admission 
pressure of the steam being, as stated above, only 
+ atm. It is intended to give a detailed descrip- 
tion of these turbines, with particulars and draw- 
ings, in a separate article. 

The cooling water is sent on to the refrigerating 
towers through an iron pipe of about 900 mm. 
in diameter. The refrigerating towers have a 
capacity of about 1,200 cub. m. per hour ; and are 
naturally of ample dimensions, being of the natural 
draught type. Two of these towers are actually in 
use, while a third is being erected. The structures 
are entirely of wood, while the reservoir under each 
tower is made of reinforced concrete. Figs. 8 
and 9, annexed, give views of these towers and of 
their foundations in course of construction. 

The towers are of about 25 m. in height, of which 
about 6.5 m. are actually occupied by the cooling 
structure, the rest being the flue for the natural 
draught. The reservoirs are 30 m. in length, and 
18 m. in width. The fall in temperature given by 
the towers is about 10 deg.C. Owing to the methods 
adopted for supplying the -effigerators, the boric 
acid contained in the water resulting from the con- 
densation of the natural steam is not lost, but is 
capable of being extracted by the Chemical Depart- 
ment. The alternators are directly coupled to 
the turbines. They are three-phase for 50 periods 
at 3,000 r.p.m. The current is generated at a 
potential of 4,000 volts. Two of the alternators 
were provided by Messrs. Brown Boveri, and the 
third by the Siemens Schuckert Company. The 
exciting dynamos are co-axial with the alternators. 
It is also possible to excite any of the alternators 
by means of a rotary converter. Each of the 
alternators is provided with an air filter, the use 
of which has proved very beneficial. 





The connections between the alternators and the 
switchboard consist of aluminium bars ing in 
a special gallery under the terrace leading to the 
generating station. The switchboard itself is of a 
very simple type, and contains only the essential 
apparatus for controlling the alternators, and 
running them in parallel. 

The step-up transformers for raising the voltage 
from 4,000 to 36,000 are placed in an adjoining 
building, containing also the high and low tension 
switches, and the lightning arresters. The trans- 
formers actually installed are four, each transformer 
being sufficient for 2,860 k.v.a. They will be seen 
in Fig. 10, Plate LIT. They are all of the self- 





American construction, by the General Electric 
Company. The third storey, shown in Fig. 13, 
Plate ‘LIT, contains the bus-bars in aluminium, 
both for 4,000 volts and for 40,000 volts, and the 
last storey is occupied by the lightning arresters. 
These are all of the well-known Gola type, which 
have given very satisfactory results. Earth trans- 
formers are provided for static discharges. 

Another smaller transforming station is provided 
for raising the tension from 4,000 volts to 16,000 
volts for distribution in the region around Larderello. 
Four overhead lines at 36,000 volts diverge from 
the transforming station: (1) A line from Larderello 
to Siena, connecting the former with the Valdarno 
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cooling oil type, and the high tension value can 
range from 32,000 volts to 40,000 volts. 

The high-tension coils are divided into two parts, 
which can be connected in series or in parallel, 
so as to have a voltage of about 17,000 volts. This 
has been done in order to use these large trans- 
formers for some minor transmission lines belonging 
to the society. Three of these transformers have 
been built in Milan, by the Societa Elettrotecnica 
Galileo Ferraris (formerly Thomson Houston) and 
the fourth at Vado Ligure near Savona, by the 
Italian Westinghouse Company. Two other large 
transformers, also built at Vado Ligure, for 4,000 
k.v.a., are in course of erection. 

The second storey of the transforming station 
is reserved for the automatic oil switches of the 
transformers, and of the transmission lines, seen in 
Figs. 11 and 12, Plate LIT. These switches are of 
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system, which distributes electrical energy in the 
eastern part of Tuscany, including Florence. 
Larderello runs in parallel with the power stations — 
of the Societa Mineraria, and with the hydraulic 
power stations near Terni. (2) A line from 
Larderello to Leghorn, connecting it with the 
Ligure Toscana power stations, with which it also 
runs in parallel. (3) A line from Larderello to 
Piombino, for the important iron and steel works 
in that town. (4) A line from Larderello to Massa, 
for the iron and copper pyrite mines. Minor lines, 
as beforesaid, at a tension of 16,000 volts, and 
belonging to the Societa Boracifera, connect the 
various works, and convey electric power as far as 
Volterra. These last lines are completely in alu- 
minium. As yet but two of the turbo alternators 
of 2,500 kw. are used, one of the three installed 
being kept as reserve. It is expected that in a short 
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THE LARDERELLO NATURAL STEAM POWER PLANT. 


(For Description, see Page 567.) 




















Fie. 14. View or Works at LARDERELLO, WITH Power Station AND COLLECTING TANKS. 











Fie. 15. A Powsgrrut ‘“Sorrionz”” at LARDERELLO. Fie 16. CoNCENTRATING PLANES FOR DEALING WITH WATER CONTAINING 
Boric Actp. 
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THE LARDERELLO NATURAL STEAM POWER PLANT. | 


(For Description, see Page 567.) 














Fic. 17. GENERAL VIEW OF LARDERELLO, 























Fic. 18. Vrew or Power STATION, SHOWING TRANSFORMER STATION AND CooLiIna TowERs. 
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THE LARDERELLO NATURAL STEAM POWER PLANT. 


(For Description, see Page 567.) 
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Fie. 19. Generat View or Bortc Works at Laco. 
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time 5,000 k.w will be distributed. Steps are being 
taken for the putting up of a fourth group, so that 
three turbines may be run, giving 7,500 kw. Further 
experiments are also in progress for utilising direct 
natural steam in the turbines. This idea, which had 
been abandoned in the case of the Larderello plant, 
has been taken up again in another of the society’s 
works at Lago. In that locality a notable quantity 
of natural steam is available, and the nature of the 
soil is specially favourable for perforation. A 
steam well at Larderello requires often more than 
five or six months of continuous work before it is 
ready for use, while at Lago, three or four months 
may be sufficient, and in some cases even less, the 
well being ready for explosion at a smaller depth 
than at Larderello.* 

Besides this, recent accurate measures and 
experiments have proved that the quantity of gas 
contained in the steam at Lago, is notably less 
than that of Larderello, the latter being 5 per cent. 
in weight, while the former is only about 3 per cent. 
Thus one of the principle difficulties which forbade 
the use of direct natural steam, i.e., the presence of 
notable quantities of gas to be removed from the 
condenser, would be in part eliminated. As to the 
action of the gas on the turbine blades, experience 
at Larderello has shown that it is certainly not of 
paramount importance, if the right qualities of 
metal be used, and certain precautions taken. 

With regard to the extraction of the gases from 
the condenser, air pumps would have to be pro- 
vided in adequate proportion to the gas itself, and 
while these would, of course, require a certain amount 
of driving power (lessening thereby the output of the 
turbines), on the other hand the abolition of the 
evaporators would increase the total efficiency of 
the system. Jet, instead of surface condensers, 
could also be used, thereby reducing the cost of the 
whole plant, a further noticeable reduction being 
obtained by the abolition of the evaporators. 
Following these considerations, an experimental 
plant has just been completed at Lago, by installing 
there the small turbine of 250 kw. first used at 
Larderello. . 

Signor Plinio Bringhenti, engineer of the society, 
who studied the Larderello plant, is experimenting at 
Lago with a new type of separator invented by him 
for eliminating gas from the natural steam, before 
it enters the turbine. If these experiments give the 
result that is hoped for from them, a decisive step 
will have been taken towards the rational and 
complete solution of the problem. Designs are 
being got out for the erection of a much larger plant 
at Lago, capable of developing over 10,000 kw. 

On Plates LIII and LIV are given a series of views 
of the works dealt with above. Fig. 14, Plate LIII, 
is a general view of the works at Larderello showing 
the power station with cooling towers and the 
shallow reservoirs used for collecting the water 
containing boric acid. Fig. 15, on the same plate, 
shows a powerful “ Soffione” open at Larderello, 
the discharge being at the rate of about 14,000 kg. 
of steam per hour. Fig. 16, also on Plate LIII, 
shows a range of evaporating planes for concen- 
trating the water containing boric acid. Of the 
two views on Plate LIV, the upper one, Fig. 17, is 
a general view of Larderello, while Fig. 18 is a 
view of the power station at Larderello with the 
transforming station and cooling towers. Finally, 
on Plate LV, Fig. 19 is a general view of the boric 
works at Lago, where, as stated above, an experi- 
mental station for the direct use of the natural steam 
in the turbines has been erected; while Fig. 20, 
below, shows one of the powerful “ Soffione” at 
Lago, the steam being let off through two orifices 
and the discharge being about 25,000 kg. per hour. 

The present condition of Italy with regard to fuel 
is well known. For the industrial developments of 
this country, all natural sources of energy must be 
turned to account. While the northern part of the 
Italian Peninsular is rich in water power, such is 
not the case of Tuscany, where the water courses 
derived from the Apennines, and utilised in the 
important power stations of the Societaé Ligure 
Toscana, are subject to long periods of draught. 
Lignite is used as fuel in the large power station of 
the Societa Mineraria del Valdarno, and the dis- 
tillation of peat at Orentano, near Lucca, produces 
gas which is utilised in gas motors, while natural gas 





springs near Pisa are being used for the illumination 
of that town, and will also be used for motive power. 
Still the demand for electric power is steadily 
increasing, and the more complete utilisation of the 
natural steam springs cannot fail to prove of the 
greatest importance for meeting this increasing 
demand. The courageous initiative of Prince 
Ginori Conti, who has steadily worked for years 
towards the solution of the problem of utilising the 
natural steam springs, is therefore well worthy of 
praise. Following his initiative other studies are 
also being made for the utilisation of latent vol- 
canic energy near Naples, at the famous Solfatara 
of Pozzuoli. No definite previsions can be made at 
present as to the further development of these 
systems, but one is certainly led to consider the 
possibility that, volcanic energies, hitherto only 
regarded as a source of danger, may, in the future 
become beneficial factors in our national economy. 





TEMPLETS, JIGS AND FIXTURES.—No. V. 
By JoszrpH Horner. 

SomE examples of jig-fixtures used by Messrs. 
Ruston, Proctor and Co., Limited, of Lincoln, are 
illustrated in this article. A jig-fixture is shown 
by Figs. 125 to 129, for machining asbestos-packed 
taps for cylinders, shown by Figs. 130 and 131. It 
is a closed fixture, the hinged cover with its plate 
comprising the drilling jig. 

The box portion A, lies on the machine table. 
It is not secured thereon, but is moved about to 
bring the various holes under the drilling spindle. 
Its hinged cover B encloses the work. The body A 
is recessed circularly to carry the covering jig 
plate C, shown separately in Fig. 128. The cover is 
rotated in its recess, and locked by a spring 
plunger D (seen in detail in Fig. 129) for the several 
drilling positions, entering vertically the outer set 
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of four holes in the plate, Figs. 125 and 128. The 
plate C has a flat which is provided to enable the 
hinged portion B to be easily turned over to remove 
the chips during the various operations, by simply 
turning the plate C round to tlear. 

The tap body, Figs. 130 and 131, is located 
centrally in the fixture by its globular portion, 
Fig. 125, and in the axial direction by a split 
bush E, Figs. 126 and 127, bored to take the }-in. 
gas thread in that end of the body. The other end 
has a clearance in the fixture. The grip is got 
between the body A of the fixture and the hinged 
cover B, which here (see Fig. 125) forms a holder 
for the casting gripped between the two, and is 
tightened on it with a $-in. square head screw F. 
Any number of castings will therefore be turned out 
alike in relation to the globular outside, the screwed 
end, and longitudinally. 

The jig plate C is secured to the base by a 








central stud G, fitting in a central pin which is 
tapped into the body of the jig. This, with the 
coercion of the bored recess in the cover permits 
the holes in the jig plate C to be brought round 
over the centre of the globular body for the various 
operations in the centre hole, which is the sole 
function of this appliance. Six operations are 
required. The first is to drill a }-in. hole, as seen 
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in position at a, Fig. 126. The jig plate is then 
brought round and locked with the 1}-in. hole b 
over the centre, in which hole as a guide the 

of the counterboring and facing tool, Fig. 132, 
passes, fitting the hole exactly, counterboring for 
the gas thread, and facing the metal above with 
the reaming and milling formed edges. The 

of cut is determined by the stop collars that are 
screwed to the body of the tool. The hole for the 
asbestos-packed plug requires three operations. 
Four /,-in. holes are drilled first through the four 
small holes ¢ in the jig plate, the setting out of 
these being seen enlarged in Fig. 133. Then a 
§-in. hole is drilled through the hole d to allow for 
reaming through the next hole, e. followed by the 
spirally-fluted reamer, Fig. 134, in this hole. The 
gas thread is then tapped, apart from the use of the 
plate. 


The group of Figs. 135 to 140, show a drilling jig 
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and fixture combined for the numerous holes in oil- 
pump bodies. It is of the type to which the term 
“box-fixture” or “ enclosed-fixture” is given, 
because the article located in it is enclosed, and a 
cover confines it, and in this as in most instances, 
is also a guide for drills. This example is remarkable 
because of the large number of holes included. The 
pump body is shown in Figs. 141 to 143, subjoined. 
Its relation to the jig-fixture will be obvious on 
comparison. Its pri location in the fixture is 
afforded by the foot A. 

The jig-fixture comprises two main portions, the 
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body A and the hinged cover B, both being of cast- 
iron. The body is a rectangular frame with its 
feet at right angles and having various bosses for 
guiding the drills. It will stand upright and square 
on the machine table when laid on either of its faces, 
with one exception to be noted. This is necessary 
because drills have to be guided from every face. 
It is not bolted to the table but, being entirely self- 
contained, is shifted about to bring any of the 
bushes under the drilling spindle. 

The hinged cover B, seen in Figs. 135, 136 and 138, 
and separately in Fig. 140, is pivoted on a hinge-pin 
at C and secured with an eyebolt at D. It slides 
closely within facings on the body, seen in the views, 
and carries five bushes for drilling the tapping holes 
in the top of the pump and two others at right 
angles with these (compare Figs. 135 and 136 with 
Fig. 142). The bushes a a are carried in an arm 
that projects downwards, Figs. 135 and 136, for 
drilling the plug hole, and the delivery holes in 
Fig. 142. The location of the hinge piece B is 
ensured by the pin C on which it pivots at one 
end, and by an abutment-piece at the other resting 
on an abutment in the body (see Fig. 135) 
‘where the eyebolt D secures it. The two plug 
jholes that lie in the longivudinal axis of the 
jpump body, Fig. 141, are drilled through bushes 
% and c inserted in the body of the fixture, seen 
iin Figs. 135 and 136. These lie at a slight angle, 
and the opposite end d of the body is cut to an angle 
\to correspond, as shown in Fig. 135. These bushes 
vare ‘brought up close to the faces on which the 
drills are to operate in order to avoid risk of 
spring of the too , 

(The location of the work is simply done. The 
foot A, Fig. 141, being faced, is laid on its i 
e, Big. 136, and the two lever-action clamps f, f, 
passed through slots in the body and tightened with 
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foot, seen at A, Fig. 141, dotted, is not a per- 
manent part of the pump. It is only cast on and 
faced up for holding during the various machining 
operations. 

The last operation is to drill through the bush c, 
the drill passing through the stem of the foot which 
nearly separates it from the body, so that a slight 
tap removes the foot entirely. 

The illustrations, Figs. 144 and 145, on page 571, 
are those of a fixture which deals with the tooling 
of the bodies of feed pumps for traction engines and 
road rollers. The body, Figs. 146 to 149, is of the 
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familiar form in which the ram cylinder stands at 
an angle with the axis of the lift valve chambers, 
and in which the foot lies on one side, parallel with 
the axis of the pump. The angle of the ram 
cylinder varies in different sizes of pumps for 
different engines. The fixture, Fig. 144, is designed 
to receive three sizes of pumps, the angles of which 
are 74 deg., 77 deg. and 78 deg., for engines of 
5 h.p., 6 h.p., 7 h.p. and 8 h.p. respectively. This 





the set sorews, adjust the pump centrally. This 


to the foot, E being for the 5-h.p. size, and F for the 
6-h.p. and 7-h.p. The outlines of the three pumps 
are seen dotted in the plan view, Fig. 144, of the 
fixture. Each stands at 90 deg. with the foot of 
the fixture when the proper strip is attached to the 
foot. The solid foot—the one that is without the 
additions of either strip, coincides with the 8-h.p. 
pump. This terminates at the face A. If the wedge- 
shaped strip E is attached, this is ,, in. thick at 
the thick end and is right for the 5-h.p. pump. 
Or if the strip F, this is { in. at the thick end, 








change is effected for two by attaching strips E, F, 


and for the 6-h.p. and 7-h.p. pump body. These 


- 487. 
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strips are attached each with cheese-head sunk 
screws as shown at G. Economies of this kind 
must be observed in fixture making in order to 
save, not only expense, but storage room. 

When the correct strip is affixed the pump body 
is put into the fixture. It is located in one position 
by the face of the gland-shaped flange, Fig. 144 
(aompare with Figs. 146 and 148), which is cleaned 
up to make contact with the abutment piece B, 
Fig. 144, cast in the fixture, against which face it 
is secured with the bent clamp C. Another location 
is afforded by the vee D, Figs. 144 and 145. Its tail 
being screwed, is adjusted inwards or outwards, 
and also locked when in position by the nuts so 
that the vee is not turned about. This locates 
the rough exterior of the cylindrical body, and 
accommodates itself to either body after it has been 
set to the correct angle. 

The foot by which the pump is bolted to the 
framing of the engine is not tooled at this stage, 
but is left to be planed after the exact centre of the 
ram has been determined by the erectors. The 
screws, H, H, Fig. 145, are brought in opposition 
to it in order to resist the pressure of the clamp- 
ing plates I, I, which hold the flange down during 
boring. These clamps have long slot holes to render 
them able to cover the varied positions of the 
different pump bodies. 

The sequence of operations is as follows: The 
bore for the ram is drilled and reamed, and then the 
gland hole is bored. The bottom valve seating is 
next bored, then the upper valve seating, and the 
recess for the cover. Finally, the bottom is faced. 
The tools used are shown in succeeding Figures. 
Each size of pump requires its own set of tools, but 
they are constructed similarly to those shown for 
one. 

For the bore for the ram A, Fig. 146, the hole is 
drilled, followed by the reamer, Fig. 150, which 
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finishes it to +-0°02 in. over exact size. For the | are done with the cutter A, Fig. 154, and the bottom | block supports. Thus, of any number of valve 
1}-in. rams the hole is therefore 1} in.+ 0°02 in. For | face F is finished with the cutter B in the same bar. | bodies, all will be alike. 

the gland hole B, Fig. 146, the tool, Fig. 151,is used,| The ingenuity of design which is embodied in| Taking the end flanges of the check valve first. 
taking a roughing and a finishing cut, the latter|some examples of jig-fixture is very noticeable. | These are held centrally between the bottom of the 
cutter, shown at Fig. 152, giving the chamfer at the | The drilling of numerous holes at right angles is a | fixture body A, Figs. 161 to 164, and the inside of 
termination of the bore. The bar with its cutter is|simple problem by comparison with that of drilling| the loose cover B, which cover is secured to the 
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guided centrally with the ram bore just finished by| them at other angles. The check valve, Figs. 155| body with two hinged bolts, Figs. 161 to 163. 

the pilot end, seen in Fig. 151, with three bearing| to 160, page 172, stamped in steel and having its|cover is shown separately by Figs. 165 and 166. 
edges which exactly fit the finished bore. The | holes and passage produced from the solid, is a case | The end flanges have been previously turned in the 
bottom valve seat C, Fig. 146, is drilled with the|of this kind. Here are a large number of holes to| chuck, Figs. 180 to 182, to 4% in. diameter, and 
straight-flute drill, Fig. 153, followed by a reamer | be drilled in various positions, and at several angles, | faced, and the recesses in the fixture are bored: 
of ‘the same form as Fig. 150. The upper valve |and all are done through a jig-fixture, Figs. 161 to| ¢y in. larger, Fig. 161, sufficient to prevent the 
seat D, Fig. 146, and the seating E for the air vessel, | 164, with the help of some loose fittings and angle-| flanges from sticking, while permitting of a 
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sufficiently exact location of the body in the fixture. 
Held thus, all the holes in both flanges are dealt 
with, the drill being guided by the bushes in the 
bottom of the fixture, and in the cover. It should 
be observed that the left hand end of the body in 
Figs. 155 and 156 is the one that comes next the 
cover plate. It is not possible to insert it the other 
way, since a register on that left hand end must 
enter an annular recess provided for it within the 
cover, seen in Fig. 161. In each end flange, four 

-in. holes are provided for the bolts. These are 

illed through four bushes on a circle of 3 {% in. 
diameter (compare Figs. 160, 164, 165 and 166.) 
These holes are, of course, all parallel with the 
axis. But two other holes are drilled in from the 
centre of each end flange at angles other than 
90 deg., one, a, of § in. diameter, Figs. 155, 156 and 
159, through a bush a in the bottom of the fixture, 
Figs. 161 and 162; the other, 6, of } in. diameter, 
Figs. 155, 156 and 159, through a bush 6 in the lid 
or cover, Figs. 161, 163, 165 and 166. These bushes 
are set at the correct angles, as seen by a comparison 
of the views of the valve body with the corresponding 
parts of the fixture. These angles differ in the two 
bushes, and the fixture has to stand on the table 
during drilling with the axes of the bushes vertically. 
To provide for this is the reason of the bevel 
imparted to the fixture at the bottom and top, 


the fixture by the fitting of loose bushes, which are 
shown in separate views. 

The two bushes for drilling and tapping the hole A 
for the relief valve, Figs. 156, 158 and 159, are 
shown by Figs. 169 and 170. They both fit in the 
2}-in. hole C, Fig. 161. They are prevented from 
turning by a nib fitting in a notch. The bushes 
are of the same diameters, except for the holes that 
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2}-in. hole, Figs, 161 and 162, D, in the fixture, 
being prevented from turning by the nib and notch. 
These bushes guide in succession the tapping drill 
and the tap for the }-in. gas thread at the bottom, 
followed by the larger similar bushes for the 1-in. 
gas thread at the top. ate 

There is a 4-in. hole, d, Figs. 155, 156 and 159, 
to be drilled from the check valve to the stop valve, 













































































a slope of 6 deg. at the bottom, Fig. 161, c, and of 
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14 deg. at the top, Fig. 162, d. As the fixture must 
stand vertically when the bolt holes in the flanges 
are being drilled at 90 deg., it is then packed up 
with the strips, Figs. 167 and 168. The first is 
seen in place at e in Fig. 161. The second is seen 
at f, in Fig. 162, inverted over the top of the 
fixture. 

Referring to the drawings of the combined valve 
in Figs. 155 to 160, it is seen that holes have to be 
drilled and tapped for a stop valve, a check valve, 
a relief valve, and for a steam whistle when such is 
required, which may be wanted either on one side 
or on the other. that two holes have 
to be drilled diagonally in addition to those just 
mentioned. These onerations are provided for in 
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are for drilling, and tapping respectively. There 
is a }-in. hole, c, Figs. 158 and 159, to be drilled at 
an angle to connect the relief and check valves. 
The bush for this is carried in a disc, Fig. 171, which 
interchanges with the drilling and tapping bushes, 
Figs. 169 and 170. It lies at an angle of 18 deg. 
To bring its axis into the vertical position, the 
opposite side of the fixture is cut away, Fig. 163 
at d, to an angle of 18 deg., and the packing piece, 
seen also at d and shown separately in Fig. 172, 
restores the fixture to the correct position for 
drilling holes square through with the axis of the 
work. 


For the check valve at B, Figs. 155 and 158, four 
bushes are used, Figs. 173 and 174, which fit in the 














and it occupies a diagonal position in both planes. 
The bush for this is carried in a locating block, 
Figs. 175 to 177, which fits into the oblong recess E 
seen in Figs. 161 and 162. The nib and its notch 
prevents it from being put in the wrong way. 
The bush is carried within the casting close up 
to the face to be drilled in order to prevent the drill 
from slipping aside. To bring the bush vertically 
during drilling the fixture is supported on the sloping 
face of an angle bracket, Figs. 178 and 179. It 
provides for the angles of 15 deg., in one direction, 
and of 37 deg. in the other (compare with those 
angles of the bush in Figs. 175 to 177). The bushes 
for the whistle at C, Figs. 155 and 157, are seen in 





Figs. 178 and 179, one being for drilling the tapping 
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hole, the other for guiding the tap. These fit in the 
1§-in. hole F, Figs. 161 and 162. 

‘The hole D for the stop valve, Figs. 155 to 157, 
is done in the lathe when the end flanges are faced. 
The article is held in the chuck, Figs. 180 to 182, 
being clamped in blocks located in each of the three 
positions required, by means of the pin and bushes 
shown. The main bracket-piece A, of the chuck, 
fits the lathe with a spigot. A horizontal flange 
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carries one chucking block B, cut to the contour 
of the body of the valve, and fitting to the flange 
with a spigot on which it is rotated to present the 
three flanges in succession to be faced and turned. 
Another chucking block C clamps the valve from 
above. The three positions for the flanges are 
located by the three steel bushes’a, a, a, driven into 
the horizontal flange of the bracket. Their plan 


relations. are seen in Fig. 181. ‘A long pin D is ° 


thrust through the upper and lower chucking blocks 
to enter into these bushes in turn, which pin fits 
the long bushes seen ih Fig. 182 to counteract the 
effects of wear. 

chueking block to its plate, and. another secures 


A stud with its nut clamps the lower |, 


the upper block to the lower with the valve body 
between them. The eccentric fitting of the chuck 
entails the employment of a counterbalance on the 
plate, seen in Figs. 180, 181 and 182. The tool 
used for seating is seen in Fig. 183, which may be 
compared with the section of the hole in Fig. 157. 
A collar gauges the depth of the seating. The 
tools for boring and recessing are not shown. 





IRON, CARBON AND PHOSPHORUS.* 
By Dr. J, E. Srzap, F.R.S., Vice-President. 


Tuts short paper may be taken as Part II of the paper 
read before this Institute in 1915¢ and will be treated 
in two sections :— 

Szorion I.—The effect of introducing carbon, by 
cementation, into homogeneous solid solutions of iron 
and phosphorus. 

Szotion IJ.—The temperature ranges in which free 
phosphide of iron passes in and out of solid solution in 
iron. 

Section I. 

It has been proved that when alloys of iron, carbon, 
and phosphorus are heated to the point of incipient 
fusion, the wey eee and carbon become concentrated 
in the part that first becomes liquid. On the other hand, 
it is well known that if the same alloys after complete 
fusion are gradually allowed to solidify, the last portion 
to become solid contains much more carbon and 
phosphorus than the parts which first solidified. 

It has been shown by Professor Arnold and others 
that alloys containing traces up to 1-86 per cent. 
phosphorus and practically no carbon, when allowed 
to solidify and cool, contain all the phosphorus in solid 
solution, and that if the carbon is gradually increased 
in the liquid metal, after solidification it contains more 
and more free phosphide of iron, and that when a 
maximum amount of carbon is present the greater part of 
the phosphide exists in the free state in a eutectic 
mixture. It follows, of course, that if the metal contains 
just sufficient carbon short of that required to lead to the 
separation of a eutectic, the last portion to freeze may 
be a saturated solution containing about 2 per cent. 
phosphorus and will contain no phosphide in the free 
state. 

It has further been proved that when a steel of medium 
carbon content becomes completely solid and is then 
slowly cooled, the portions richest in phosphorus are 
quite free from carbon, although it is known that the 
two elements must have been in association at the 
point of solidification of the steel. The reason for this 
appears to be that the solid solution carbide, 
and phosphide together is considerable, and that as the 
carbide is very mobile, whilst phosphide is less so, the 
carbide simply moves into the surrounding metal where 
the solution pressure is feeble—that is to say, into and 
near to the primary crystals, which first fell out of 
solution, and which contain Jess phosphides and carbides. 
As cooling progresses, the carbide in solid solution 
steadily flows towards the purer portions, concentrates 
there,. and finally separates as free carbide of iron 
(FezC) in pearlite. f 

The phosphide, which, like the carbon, is stil) in tension 
in the areas vacated by the carbon, slowly flows outwards 
into the regions where the interna] tension is lower, 
but, as the temperature falls, its power to move becomes 
less and — an rw ay 9 C. —— - exceeding) u ly 
sluggish, at . C. it is practically s' \. 

"Sirdaes of Pioaeres in a Cast Alloy.—This note, 
as will be seen later, shows how —.t excursive 
phosphide in solid solution in iron really is. It leads one 
to believe that when the relations of iron, iron phosphide 
and carbon are better understood, it may be possible to 
control the effect of phosphorus on the physical properties 
of steel. 

The fact that prominent metallurgists refer to 
phosphorus as treacherous is clear proof that the reason 
for its variable effect is not known, But for the know- 
ledge guined Sy. poses seen <8 eo awe © 
car on iron, that element probably would be con- 


sidered even more treacherous than orus. We 
have gai knowledge, and now know how to control 
the e of carbon. 


The series of six photogra ( 574) of an alloy 
in the cast condition, pare about 0-3 per cent. 
carbon and 0-3 _ ——- ~{ oni by 
different ts, y shows re osphorus 
io, canaguinanel The first three were taken from the 
same area, but were etched in different ways :— 

No. 1 was etched by alcoholic nitric acid, and shows 
simply the pearlite areas (dark) and ferrite (white). 

No’ 3 is the same as No. 1, after an attack by the 
rrite 


author’s cupric t, but only the phospho- 
and the carbide of pearlite remain wh 

The fomite of the peasiite aunt Se Saree Cees 
the pearlite areas eo Nase, cates Bae Se eee 
reagent, which is an indication of relatively low 
phosphorus. . 

No, 3. After repolishing and attacking by acid 
in water the parts rich in snort ohh Coat eats 
black, but do not corres exactly with the white areas 
in No. 2; they ere included in it, but are very rich in 
hosphorus. 

No, 4 is a part of the, same stcel; it was heated to 
960 deg, C..and quenched in water, and etched with 


nitric acid in alcohol. It shows that the carbon has not 
diffused into that part of the ferrite which is highest in 
phosphorus, but has invaded the part containing less. 
No. 5 is the same area as No. Sreadig: eget 
pepe fees a cupric reagent. It shows although 
the carbon has diffused into the lower in phosphorus, 
the phosphorus has not m b 
No. 6 is the same area as Nos. 4 and 5, after repolishing 


and etching with icric-acid solution. The 
parts of the ferrite states tn ghnaehades are darkened, 
=a ri mill be iced tha eas > 
areas in No. 4 it w noti that t 

exactly in shape and volume. ae 

: ting to 960 deg. C. the carbon has been forced 
to invade the parts of ferrite less p! ised, 
on slow cooling it returns to the parts still lower in 
phosphorus, leaving them free from earbon. If the 
cooling is effected in about 5 minutes, the lite does 
not concentrate in the original position, Dut remains 
distributed in small te grains in the areas proved 
to selebto tie ph = ee the areas 
occupied by the origina] pearlite and the ferrite envelopes. 
When, however, .the alloy is heated to 1,200 deg. C. and 
Soon a choniphsoes % so eel wtteancaatnmn a 

ys; phos is found to be more homogeneous] 
distributed, and the cold steél then has a soustane 
approximating to that of a normal steel containing the 
same amount of carbon. (See note on “ Inclusions in 
Steel.”*) The long heating at above 1,200 deg. C. allows 
the two elements time.to become interdiffused, and in 
cooling no separation is effected. All rolled steels 
containing ere ghost-lines, after long heating 
to above 1, deg. C., are hom , and rus 
lines no longer appear on etching the cold steel. 

Effect of fasetieeine Carbon by Cementation.—Judging 
from the foregoing remarks, it would appear that the 
solution pressure of the carbon very greatly increases 
with the temperature, and that vasaghide of iron, 
although less rapid in its movement than carbon, is very 
excursive ; indeed, when it is irregularly distributed in 
iron, the phosphide in the parts richest in rus 
at high temperatures diffuses into the parts containing 
less, and in time perfect homogeneity is produced. 

Now on these it seemed certain, if an alloy 
— phosphorus hom y distributed is 
carburi at a high temperature, that as the carbon 
passes into solid solution the internal tension will be 
increased, for, to the tension of the ph orus will be 
added that of the entering carbon. Under such a 
condition one would expect that as the carbon enters, 
the a would be forced to move out of the areas 
invaded by the carbon and become concentrated in the 
surrounding metal, and that this concentration would 

roceed until the increased tension of the ph ide 
in solid solution balanced the tension of the in 
solid solution. Theoretically then, if the 
is below that of .the formation» point of the 
eutectic Fe—-C—P, eventually no more carbon could enter 
into solid solution, and that would be when the tension 
in the territory held by the carbon is equal to that in 
the parts where the phosphide is concentrated. To 
what extent the FesP can be. concentrated in that way 
is not known, but it is probable it would approach ‘the 
point of saturation, or 14 per cent. = 2 per cent. 
phosphorus. 

To determine whether this hypothesis was correct 
or not, the following experiment was made :— 

An alloy containing about 0-5 per cent. phosphorus 
in homogeneous solid solution, t quite free from 
carbon, in the form of a short bar 14 in. by 1 in. by }in., 
was sawn vertically through its centre, thus making two 
bars 1} in. by 4in. by fin. The sawn faces wore 
in juxtaposition, and the lower ends placed on a of 
charcoal at the bottom of a  ampesey crucible. They 
were surrounded and covered by sand and a lid luted on 
to the crucible. The crucible, with contents, was then 
placed in a muffle furnace having a temperature of 
960 deg. C., and retained in that position of 6 hours, 
and was then heated to 1,150 deg. for 1 hour in a separate 
furnace. The crucible was removed and one of the bars 
was quan in cold water, the other was allowed to 
cool down slowly in the crucible. By this means one 
obtained in the quenched bar martensite areas corres- 
ponding ay with parts into which carbon had 
penetrated, whilst in the bar slowly cooled one obtained 

rlite islands in ferrite, into which tho diffused carbides 
Rad condensed or segregated from the parts invaded 
by it. 

"The juxtaposed faces of the bars were polished and 
etched by various ents, and photographed. The 
photo prints > shown oa e ye baa 

No. 7 is a photograph o' r itself after a 
attack by a Suprio reagent. Note that the phe Nes no | 
end is dark, while the other is light. 

No. 8 represents the structure of the specimen quenched 
from 1,150 deg. C. at a point where there was only about 
0-20 per cent. carbon. Etched with acid, 

No. 9 is the same area as No. 10 etched by the cupric 

t. 

o. 10 represents the slowly-cooled bar at an area 
co. ding to No. 8 etched by acid, which left the 
coulis areas as pearlite (dark) on a white ground. 

No. 10a represents the most carburised part of the 
cemented bar etched by acid, after quenching from 
1,150 deg. C. by 100. : 

These illustrations are most instructive and prove 
the correctness of the hypotheses advanced, but are also 
suggestive as to the way in which the carbon enters the 
central portions of the td, ' 

On examining the Nos. 8 and 9, it will be 

areas are islands qui 


laced 


ati 





* Paper taken as read before the Iron and St¢el In- |i 


stitiite on May. 3, 1918. » 
+ Journal of the. Iron and Steel Institute, 1915, No, 1, 





‘page 140. Extnesmenrn, May 2] and 28 and June 4, 1915. 
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directly from. the charcoal cementing 


ered the metal 
material, for if it had there would have been a continuous 
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track of martensite leading from the exterior to the 
interior of the quenched bar. 

A son of the author (the late Lieutenant J. K. Stead), 
in a research he made on the question of carburisation, 
found that if pure iron or soft steels were covered with a 
porous layer of magnesia, lime, or asbestos, and were 
cemented alongside duplicates of the same metals with 
bare surfaces under identical conditions, the carburisation 
was equal in each set of cases, yet in one the charcoal 
was in direct contact, while in the others the iron was 
soparated from it by porous coverings. Obviously, then, 
the carbon did not combine directly with the metal. 

Evidence is conclusive that metals at high tempera- 
tures are quite porous to gas (carbon monoxide), and it is 
this gas continuously produced in the cementation 
furnace that effects carburisation ; indeed, it is quite 
easy to carburise iron by carbon monoxide alone without 
the presence of any solid carbon. A cementation 
furnace, therefore, may be considered simply as a carbon 
monoxide gas producer, and one in which the carbonic 
acid, produced in the carburised metal after it diffuses 
out, is regenerated. The reactions are, of course, well 
known and may be briefly described. 

Carbon monoxide is primarily produced by the com- 
bination of oxygen of the air mechanically associated 
with the charcoal and the carbon of the charcoal. This 
carbon monoxide penetrates the metal, and gives up a 
small part of the carbon to the iron, but the oxygen of the 
decomposed carbon monoxide combines with,a portion 





of graphite distributed at wide intervals, and only traces 
of pearlite. A portion of this was heated to about 
1,300 deg. C. for about 10 minutes ; it was then quenched 
at once in water. On sectioning the quenched material, 
polishing and etching with an acid, and then with a 
cupric reagent, the evid was conclusive that not only 
had the carbon combined directly with the iron, but had 
diffused into the surrounding metal, and in doing so had 
caused the phosphide to s out of solid solution and 
unite with some of the carbide to form the liquid ternary 
eutectic which first appeared at the crystal junctions 
and later as liquid globules, which by coalescence with 
other globules eventually reached the junctions of the 
iron carbon crystals, and flowed along these back into 
the place originally occupied by the graphite. : 
ving explained the general principles underlying 
normal carburisation, return must be made to the 
cemented phosphoretic iron. In this, excepting at the 
surface most highly carburised, the penetration is not 
continuous, and in the centre of the quenched bar, 
as before stated, the carburised portions are completely 
surrounded by ferrite. One can only advance hypotheses 





to account for this, and assume that the metal was not 
absolutely homogeneous, and that carbon was first 
deposited in the portions containing a slight excess of 
iron or a slightly less amount of phosphorus. From the 
very start, as was proved, the carburised areas are 
isolated even where the metal was in contact with the 
charcoal, and these develop more or less radiallyjwith 





varying proportions of phosphorus. The results were 
as follows :— 


Carbon 
Absorbed. 
Per Cent. 
Iron alloyed with 1-2 per cent. phos- 
phorus... eee eee exe eee 0-53 
Iron alloyed with 0-6 per cent. phos- 
phorus... nee = ms see 0-60 
Pure electrolytic iron—nil 0-94 


The carbons were determined by the colour method, 
as the weights of the minute plates were ins ient to 
make combustion analyses, and therefore must be 
regarded as relative only. 

Summaries and Conclusions.—1. It has been proved 
that the pearlite areas in medium carbon phosphoretic 
steel castings, and the ferrite immediately enveloping 
those areas, contain much less phosphorus than the 
ferrite exterior to them. 

2. Conclusive proof has been advanced that as carbon 
enters into phosphorised iron by cementation, the 
phosphide of iron diffuses out of the areas invaded by the 
carbon, and is concentrated in solid solution in the 
surrounding ferrite, and that this concentration increases 
as the carbon increases, probably at temperatures just 
short of incipient fusion, until the ferrite becomes 
saturated with the phosphide, and, when that point is 
reached, although carbon many continue to increase in 





of the excess carbon monoxide gas, forming carbon 
dioxide. The carbon dioxide tends to oxidise carbon 
at high temperatures, and can only be formed in such 
proportions as to establish equilibrium with the remaining 
carbon monoxide so as to produce an inert mixturo. 
When this point is arrived at, the mixture diffuses out 
of the metal and comes ‘nto contact with the charcoal, 
which at once removes half the oxygen from the carbon 
dioxide, producing in its place double its volume of 
carbon monoxide. The cycle is then complete and is 
continuously repeated. 

When pure iron is cemented, as a rule the carburised 
areas are continuous when the metal is in a heated state, 
the parts nearest the outside being always richest in 
carbon. On quenching such carburised iron directly it 
leaves the furnace, the martensite forms an almost 
connected layer from the outside to the extreme 

int to which the carbon his penetrated. There can 

little doubt that the greater solution pressure of the 
carbide on the outer layers leads to diffusion towards the 
centre of the bars, for on heating superficially carburised 
iron in vacuum to a high temperature, the carbide does 
diffuse inwards. Although carburisation of iron is 
effected by charcoal in the manner described, it must 
not be assumed that iron and carbon cannot directly 
combine without a gaseous vehicle, for Sir W. Roberts- 
Austen long ago obtained direct union by heating 8 
ae = vacuo in a iron. It is wel] known 
also t free graphite loc up in iron com- 
bines’ directly with the iron cumtunting & i 
to re point short of fusion. 

intaresting experiment with a piece of a bear fram 

a Wigan blast furnace demonstrated the same 
The specimen contained more 


than 1 cent. of 
phosphorus in solid solution, end spheroidal segregations 





Nos. 7 anp 8. Rxpucep By ONE-QUARTER. 


the progress of cementing. Proof that as the carbon 
enters it causes the phosphorus to diffuse away from 


it is given in photograph No. 11, of a few minute areas, 
highly magnified, where carburisation had just com- 
menced. specimen was «uenched and etched first 


with acid and then with a cupric reagent. The dark 
martensite is surrounded by a white envelope which is 
higher in phosphorus than the metal exterior to it. 
A part of the phosphorus has been forced into that 
position by the dominating solution pressure of the 
carbon. 

That the phosphorus is generally concentrated in the 
ferrite, owing to carbon penetration, is proved by the 
photograph of the whole bar after it was polished and 
then etched with copper solution, for the. end where 
carbon penctrated is only slightly stained, while the 
other end is almost dark, due to a greater deposit of 
copper. Copper is only deposited on the parts where 
phosphide in solid solution is small, refusing, in the 
same period of time, to deposit where it is greater. 

The evidence that the areas invaded by the carbon 
surrounding the pearlite are very low in phosphorus is 
given in the photograph No. 8 of the annealed specimen 
after etching with the cupric reagent. It will be noticed 
that the areas of martensite in the corresponding 
quenched specimen have about the same superficial] area 
as the half-tone envelopes and the pearlite together 
of the slowly cooled a 

It is evident that once the carbon has entered at 
several independent adjacent points, the rus 
in the surrounding ferrite is increased and solution 
pressure or tension, being also increased, must tend to 
check the ability for external carbon to enter it. That 


such is the proved cemen plates 
Of novel of tise comes ice ousd Iaicioonae Ub Conteiahat 





the carburised portion none will enter the saturated 
solution of phosphide. : 

3. The amount of carbon capable of passing into 
iron by cementation at any given temperature, short of 
the ternary eutectic formation point, depends upon the 
amount of phosphorus present in the iron and varies 
inversely with the phosphorus. 

If the temperature of the cementation furnace exceeds 
the formation point of the liquid ternary eutectic, the 
internal tension in the ferrite rich in phosphorus, due to 
the continued increasing external tension of the invading 
carbon, at last becomes so great that the phosphide is 
forced out of solid solution in the very centre of the 
ferrite, forming a eutectic liquid. “SG 

5. It is con’ ed that graphite can carburise iron 
without the interposition of any gaseous vehicle, and 
that the carbon, in diffusing from graphite nuclei bedded 
in iron containing phosphide in solid solution, behaves 
in a similar way to carbon from carbon monoxide: it 
concentrates the phosphide in the ferrite and eventually 
at 1,200 deg. to 1,300 deg. C. throws it out of the solid 
into the liquid solution, producing the ternary eutectic 
Fe-C-P, which ——— in the globular form and as inter- 
crystalline envelopes, and finally liquates out of the 
metal. ; 

6. The research opens the door for more investigation. 
The specimens experimented upon were very high in 
phosphorus, much higher than is permissible in any 
steel. It is to make further trials with steels 
containing variable quantities of that element within 
the limits of 0-12 per cent. and 0-02 per cent., when 
associated with between 0-1 per cent. and 1 per cont. 
carbon. 


Szcrrow II. s 
The Temperature Ranges at which Iron Phoophide 
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passes in and out of Solid Solution in Iron.—When this 
investigation commenced it was thought that the ranges 
of temperature at which phosphide of iron (FesP) passed 
in and out of solid solution in iron would be as readily 
determined as the critical ranges at which carbide of 
iron passes in and out of pure iron, but instead it was 
discovered that, owing to the more inert character of the 
phosphide, such was not the case. It was found that 
vears of careful research would be necessary before 
complete knowledge could be obtained. 

The records which follow must be regarded as the 
result of a reconnaissance and scouting expedition into 
an almost entirely new, unexplored country, but never- 
theless contain sufficient evidence to enable any one 
more systematically to carry on future work. The 
importance of what has been done, however, will be 
recognised when it is seen that there are indications 
that similar laws govern the solid solution and dissolution 
of solids in solids as those which govern the solution and 
dissolution of crystalline salts in liquids. 

The illustrations, with descriptions, enable one to see 
at once the proofs of solution and dissolution. This has 
only been possible because during the past few years 
greatly improved methods of etching and staining the 
complex mixtures have been evolved. 

What little work that has been done in the past on the 
crystallisation of Fe3P from solid solution is recorded in 


various papers by the author, and the first indication | 








1. 2. 
Per Cent. Per Cent. 


Phosphorus in solid solution 0-50 0-623 

Phosphorus in the free phos- 
phide ose sie a 0-40 0-883 
Total 0-90 1-506 


Series II.—A Mexican meteorite containing rhabdite 
or free mr crystals. 

Series .—Alloy of iron and phosphorus made by 
adding phosphorus to white-hot puddled bar in a clay 


crucible, It contained :— 
Per Cent. 
Phosphorus in solid solution ... 1-16 
Phosphorus in eutectic... 0-04 
Total ... 1-20 
Carbon 0-12 


Series IV.—A series of alloys containing between 
0-4 per cent. and 2-2 per cent. phosphorus made by 
the thermit process. These contained rather variable 
amounts of silicon, aluminium, &c., approximating on 
an average to :— 


Per Cent. 
Carbon 0-05 
Manganese 0-10 








On long heating at 1,000 deg, C. the diffusion is 
perfect and the alloy homogeneous, for sections of the 
metal after polishing and ing with a cupric reagent 
show no dark and light-colou places. 


Sreies II. 


Tn the last sories the solvent metal contained a con- 
siderable quantity of phosphide in solid solution, and 
it was naturally believed that it would not dissolve 
phosphide so readily as pure iron free from phosphorus. 

Having a specimen of a Mexican meteorite containing 
free crystals of iron nickel phosphide, or rhabdite, 
containing :— 


Per Cent. 
Phosphorus in solid solution ... 0-21 
Phosphorus in phosphides 0-06 


trials were made with it to find out at. what temperature 
the crystals began to dissolve. 

Of course there is objection to using a nickel iron allo 
containing about 5 per cent. nickel, and rhabdite, whic 
contains much more nickel than the matrix, and one 
could not infer that it would behave in the same way 
as an alloy free from nickel. Whether that is so or not, 
it is of interest to find out how it did behave. Without 
going into detail, it is sufficient to say that the rhabdite 

gan to dissolve at about 600 deg. C. on heating for 
12 hours, proving that solution begins at a relatively 





or evidence of the temperature at which free phosphide 
could be induced so to crystallise was published in the 
Journal of the Iron and Steel Institute in 1890, in which 
it was noted that on exceedingly slow cooling from above 
1,200 deg. C. of an alloy containing about 2 per cent. 
phosphorus and 0-12 per cent. carbon, free phosphide of 
iron separated out between some of the cleavages of the 
iron crystals. The alloy in question was made by 
melting puddled iron with phosphorus in a clay 
crucible. 

After melting, the crucible and contents were allowed 
to cool slowly in the fire; the time of cooling to 
500 deg. C. was estimated at about 6 hours. As no free 
independent phosphide of iron (FesP) crystals were 
Present in the original alloy, it was assumed that the 
time occupied in cooling through the critical r in 
the crucible furnace was not sufficient to admit of the 
crystallisation of that body from solid solution. On 
reheating to between 1,200 deg. and 1,300 deg. C. in a 
8-ton ladle of molten blast-furnace slag and allowing the 
alloy and the slag to cool down together in about four 
or five days, free crystals appeared—proof that long 
cooling the critica] range, whatever that may 
be, was sufficient to admit of some of the phosphide of 
‘ron crystallising out. Particulars are now given of the 
most recent investigations in that connection. 

Alloys Used in i .—A series of alloys was 

on which to exporiment, including :-— 
ised -alloy from a Cleveland 
“Bl bear roferred to in another paper on 
dit Furnace Bears,” “ee phoepilde variable in 
parts, contained in envelopes 
— the in the body of 
the metal. analyses varied between :-— 
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Per Cent. 
Sulphur ... 0-04 
Silicon 0-15 
Aluminium ti 0-12 
Phosphorus a 0-4 to 2-2 


Series V.—Portions of the Cleveland decarburised bear 
free from independent phosphide of iron (FesP) con- 
taining only traces of carbon and between 0-5 per cent. 
and 0-60 per cent. phosphorus in solid solution. 


Series I. 
Temperature at which the Phosphide of Iron passes 
into Solid Solution.—Tho first trials were made on the 
decarburised bear referred to, containing :— 


Per Cent. 
Phosphorus as free phosphide of iron 
(FezP) vee eee eee oes 0-70 
Phosphorus in solid solution ... 0-55 
Total phosphorus ... be 1-25 
After making a large number of trials by heating at 


various temperatures over long periods extending from 

6 hours to 28 hours, it was found that whilst none passed 

into solution at 800 deg. C., at 850 deg. C. solution com- 

menced. It may be expected, therefore, that with a 

solvent conteining about 0-5 per cent. phosphorus, 

Fany hide commences to dissolve at some point between 
On 


. and 850 
considerable rapidity. 


Cc. 
ay 3 deg. ©. solution proceeds with 
On examining —— hs 20 to 23 the of 
solugion will be seen. 5 mabputee Ui ia smatiocalia, 
in 15 minutes it is nearly complete. 





low temperature as compared with the iron alloy. As 
the heat is raised solution is, of course, very pronounced 
and rapid. 

ere were certain phenomena connected with the 
heating of this alloy which cannot at present be explained. 
It is reserved for further investigation. 

Not having any pure iron with free phosphide of iron 
crystals in it, and no phosphide in solid solution, an 
attempt was made to make a mechanical mixture of iron 
and = hide crystals, For this purpose a minute hole 
was | into piece of Armco iron containing 99-8 per 
cent. iron. A few crystals of iron phosphide were placed 
into the borehole. (The iron phosphide crystals were 
obtained from the Cleveland bear already referred to.) 
A plug of the same iron was then driven into the hole, 
and ‘the bar was flattened cold under a steam forge 
hammer, which, of course, forced in the sides of the hole 
against the phosphide. The bar was then heated to 
700 deg. C. for 3 hours, after which it was sectioned and 
examined. The sides had not welded together where 
they came into contact, but at points there was distinct 
evidence that the phosphide commenced to dissolve 
in the iron. This experiment is to be repeated and 
the period of heating prolo at a lower temperature. 
It proves, however, that while the same phosp does 
not dissolve in iron ially saturated with phosphide 
in solution, it does dissolve in iron free from shui 
at 700 deg. C. 


Sexes III. 
To Determine at what T P Jalle 
out af this set of @ bar } in, square 
in 


Sobution.—In 
end 4 fe aeths wee bedded is Fog bri p= ys 
8 porcelain closed at ont end. ‘The end was 
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during 
hosted to the poin 
the other end, which protruded out of 
never attained a temperature above 500 deg. C. It was 


each point along the bar, when at maximum temperature, 
wes tan ob fatervals end the positions noted. The 
bar was ground down on one side, and, after polishing, 
was etched and examined r the microscope. Before 
describing the observations it is necessary to explain that, 
as the bar contained some carbon, it was thought 
desirable to remove it if possible, at least in the 8 
where it was heated above 800 deg. C., hence the object 


of — it in mill scale. 

Like all cast alloys of iron and phosphorus, the 
phosphorus was not uniformly distributed. It contained 
traces of the eutectic Fe—P, and at places adjoining these, 
the alloy must have been a saturated solution of iron 
and phosphide containing about 2 per cent. ph orus. 
As it contained patches of pearlite at intervals ded 
in the parts containing least phosphorus, from actual 
trial it is known that the territory covered by this 
pearlite contained much less phosphorus than the 
average in the whole metal. re were, in fact, parts 
very rich, parts less rich, and parts poor in that element 
aud Gassleee in the one alloy a series of three distinct 
alloys. ne 

On examination after heating it was found that in the 
parts most highly charged with phosphorus, free crystals 
of iron phosphide (FesP) were present at all places 
where the temperature coe 660 deg. C. up to 
900 deg. C. crystals were exceedingly minute 
where they had formed at the lower temperature, but 
increased in size as the temperature rose, and were at a 
maximum at 900 deg. C. At about 800 deg. to 850 
deg. C. the amount crystallised out was at a maximum, 
but at 800 deg. C. no crystals could be detected in areas 
originally occupied by the pearlite, which were now 





considerable extent, as will be seen in photograph No. 18, 
below 


Another er containing close on 2 per cent. 
jhosphorus, heated to 1,000 deg. C. had no free crystals, 
ut contained some undissolved eutectic. On heating 

at 820 deg. to 840 . C. for 6 hours new crystals 

developed freely. (No. 19, below.) Probably this would 
have yielded crystals at 900 deg. to 960 deg. C., but the 
experiment was not made owing to want of time. 


Series V. 

In this series sections were used cut through three 
columnar crystals of the Cleveland decarburised bear. 
One containing a total of 1-25 per cent. phosphorus was 
heated to 960 deg. C. for 10 minutes, when it was found 
that practically all the free phosphide had dissolved, 
but was concentrated in solid solution around the traces 
of undissolved phosphide. It was then heated for 
several hours at 780 deg. to 800 deg. C., after which 
treatment it was a that some phosphide had 
recrystallised round the original traces of the free 


. | phosphide. The specimens before and after the treat- 


ment are shown in Ph: phs Nos. 14 and 15. 

Another section was heated to 1,000 deg. to 1,050 
deg. C. to produce a homogeneous alloy. It was then 
reheated for 6 hours at 820 deg. to 840 deg. C. Fine 
crystals formed at the junctions of the crystals and near 
to the junctions. The evidence here is that when pre- 
existing free ag sage exists, on heating to a tempera- 
ture favourable for crystallisation the phosphide is 
primarily attracted to it. 

It will be noticed in photographs Nos. 14, 15, 17, 18, 
19, that round about the larger masses of free iron 
phosphide there are borders containing practically no 
crystals, presumably because the enveloping layers of 
phosphide had been first formed and had attracted the 
phosphide from the meta! near them before the tempera- 
ture foll low enough for the crystals to form in the y 
of the metal. 

Analogy between Liquid and Solid Solution and General 
Conclusions.—Iron phosphide is a chemical] salt, for, 


back from the saturated layers and recrystallise on the 
solid crystal. 

An impossible condition of rigidity and immobility has 
been assumed so as to bring it into line with what occurs 
when a solid dissolves in a solid. It has been shown 
that on heating iron containing crystals ot iron phosphide 
the phosphide at first forms strong solutions in iron 
round about them, and that on lowering the temperaturo 
some of the phosphide eg pre on to the outside of 
the remaining portions of the original crystals. 

If a. crystal of common salt is suspen in water in 
nearly saturated solution, and the latter is allowed to 
evaporate spontaneously until the liquid becomes near 
the point of saturation, the free crystal will exert 
attraction and draw to itself the first portion of the 
= o< wa 1 10 a Fa of solution before any is 

posited elsewhere. is peculiarity is constan 
with in the alloys under poss wee 4 asian 

The large and relatively thick envelopes of phosphide 
surrounding the columns of Series I and V* suggest 
that they were formed in advance before the genesis of 
idiomorphice crystals in the centre of the columnar 
crystals of iron, and that their attraction for phosphide 
of iron was exerted for a considerable distance, a distance 
preg Sage to the width of the borders which surround 
the layers of FezP, borders which eventually became 
impoverished of phosphide of iron, and then contained 
less phosphorus than the metal in the centre of the 
columns which were outside the attractive influence 
of the massive envelopes. When the temperature fell 
to the point favourable to the crystallisation of the 

hosp in the body of the crystals the excess would 
all out of solution and appear as idiomorphic crystals 
of phosphide of iron. As the conditions in the hearth 
of the blast furnace were not favourable for the phosphide 
of iron to fall out of the borders, which are weaker 
solutions, no crystals appeared in them. The same 
thing appears to have occurred in the Mexican meteorite 
refe to in Series II. The rhabdite crystals were 
fairly evenly distributed, but at intervals there were a 
few very large crystals, each surrounded by thick borders 








completely decarburised by the mill scale. These areas, 
of course, contained’ the least phosphide in solid solution. 
Where the metal had been heated at 900 deg. C. only 
in the metal adjoining the eutectic films were there any 
free crystals, and at 960 deg. C. there were none. The 
metal at that temperature become a homogeneous 
solid solution. re were no eutectic films, for, 
presumably, the phosphide had diffused out of them 
and passed into solid solution at such a high temperature 
as 9 we tem 

These observations show clearly that the temperature 
at which phosphide of iron (FesP) falls out of solid 
solution depe upon the amount present. 


Series IV. 


In this series the thermit metals were employed, and, 
in passing, it is important to note the original structures 
of the cast alloys. 

All of them when etched with a cupric reagent became 
rapidly coloured on the parts which had first fallen 
out of solution. The dark markings were in the form of 
octahedral skeletons very clearly marked on polished 
cleavage faces. In addition to these, in the alloys 
containing between 0-9 per cent. and 2-2 per cent. 
phosphorus there were present trains of the binary 
eutectic of iron and phosphorus on all the sides of the 
dark-stained primary crystallites. 

They were all heated in a muffle furnace for 6 hours 
at 1,000 deg. C. and then re-examined. As Naar pet 
such treatment led to the diffusion of p and 
iron.. The primary crystallites no longer were in 
evidence, and excepting in the alloys containing more 
than 2 per cent. phosphorus, the eutectic had also 
vanished and the metals had become homogeneous solid 
solutions. 

What is most remarkable is that on reheating the 
alloy containing 2-2 per cent. phosphorus to 1,050 deg. C. 
for a short time in an attempt to get more of the eutectic 
dissolved, and then for a longer time at between 960 deg. 
and 1,000 deg. C., a o of minute iron i 
(FesP) crystals ap Possibly at the her 


temperature the iron had beeome supersaturated and on 
heating to the. lower Somgoeee the excess fell out of 


von, ah ORs ae ge vobipesToik® ¥: Yacnite “at 
- Ox ; or & a 
» GO dep to fa deg the ctystalli¢es developed to a 
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in its formation, when iron and phosphorus are brought 
together at a temperature of 1,000 deg. C., or above, 
chemical union is effected and is accompanied by con- 
siderable rise of temperature. There seems little doubt 
that it retains its identity after it dissolves in solid iron. 

The following facts relating to one of the most simple 
salts—sodium chloride in water—will enable one to 
compare them with the evidence advanced about the 
solution of iron phosphide in iron. 

The point at which salt and water become saturated 
in any range of temperature is one of equilibrium. 
Water can be saturated in a wide range of temperature 
and be in equilibrium throughout that range. tt cooled 
below saturation point, salt will fall out of solution, but 
it will return into solution if the temperature be raised 
to the original point. 

Iron saturated with phosphide at 1,050 deg. C. parts 
with a portion of it when the temperature falls and 
sufficient time is allowed to admit of its segregation, and, 
like the salt solution, it takes it up again when the 
temperature is raised. 

Iron containing less phosphorus in solid solution, 
saturated at a lower temperature, also parts with its 
phosphorus when the temperature falls. 

So far as the experiments go, free phosphide did not 
form from solid solutions containing less than 0-6 per 
cent. phosphorus, but it seems more than probable 
that if the heating at lower temperatures than 700 deg. Cc. 
had been prolonged for months or years instead of for 
hours, crystallisation would eventually have occurred. 
It is obvious that as the metal becomes colder its particles 
become more rigid, and segregation into crystals must 
be correspondingly slower. 

As the crystals of rhabdite in the Mexican meteorite, 
embedded in a matrix containing very little phosphide 


in solid solution, dissolve at 600 deg. C., and possibly | has 


at lower temperatures, it is obvious that they must-have 
originally fallen out of solution at relatively low tempera- 
tures, probably below 600 deg. C., and thon, only after 
&@ very exten ee 
A crystal of common salt, placed in a 
excess of water, begins to pass into solution at 
surfaces, and, if there were no- free liquid motion of the 
solution, the rtions a surrounding the 
would bee f. the temperature 


were then lowered, some of the salt would atonce pass 





of metal practically free from any free phosphides. 
The actual width these external borders measured 
about 0-600 mm., but varied with the size of the crystals. 
The solid solutions of phosphide of iron in iron are 
in some respects similar to solid solutions of carbide of 
iron in the solvent eutectoid (the hardenite of Arnold), 
containing 0-9 per cent. carbon. The solutions in each 
become fully saturated at about the same temperature, 
1,100 deg. C. After saturation, as the temperature 
falls, crystals of carbide or phosphide, as the case may 
be, fall out of solid solution, and equilibrium is estab- 
lished within a range at every temperature. They 
re-dissolve again as the temperature rises. The last 
trace of carbide, dissolved in the eutectoid, crystallises 
out at a point just above the critical point Ar 1-2-3. 
On cooling below this, the solvent itself breaks up into 
ferrite and carbide, producing pearlite. In the case of 
the phosphide solid solutions, the solvent is iron, and 
there is reason to believe that at some temperature, if 
almost infinite time were given, all the shasphide would 
also crystallise out. The exceedingly minute quantity 
of phosphide remaining in solid solution in the Mexican 
meteorite may be taken as tentative evidence that such 
would be the case. There can be little doubt that this 
interesting alloy took an exceedingly long time to cool 
down through the range of temperature favourable for 
the crystallising of the phosphide. t yt 
No reference been made to the allotropic condition 
of the respective solvents of carbide and phosphide of 


iron. 
We know that the iron in the alloys saturated with 
FezC above Ac 1-2-3 is in the gamma state. On the 
—_ eee ne — —— have shown — x 
the alloys of iron and phosphi ich in phosphorus 
not give any arrest corresponding to Ac3, and the author 
ound that such solid solutions, in a coarsely crystal- 
line condition, are not refined in structure on heating 
Pag nb oor deg. S.. tate which lead ———_ 
t iron in such never passes gamnis 
state. When, however, carbon is caused to diffuse into 
the more dilute solid solutions, the structure is broken 
. Wemay conclude, therefore, that when that occurs 
iron changes to the gamma state. 








* Soe-paper on “‘Blast-furnace Bears” in. a future issue. 
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Much more research, however, is required in this 
direction before one can say we know. 


APPENDIX. 
METHODS FOR THE DETECTION oF 
Sormp Sotvtion. 

Solutions of phosphides in steel are attacked by very 
dilute acid reagents inversely in proportion to the 
phosphorus present. If a reagent contains a little copper 
in solution parts of metal freest from ae are 
most readily attacked and stained or colo by a thin 
d it of copp The depth of the coloration in a 
given period gives a relative idea of the proportion of the 
ph ide present, but where the iron and phosphide 
approach saturation, no copper is deposited after a pro- 
longed attack even with a strong reagent. 

Three different cupric reagents have been described, 
one by Dr. W. Rosenhain, another by Mr. J. H. Whiteley, 
and 6 third by the author in the first part of this paper, 
published in 1915. 





PHOSPHORUS IN 








=F 





stain solid solutions of phosphorus and iron a brown or 
black colour. Such a solution is made by dissolving 
0-5 gramme picric acid in 100 cub. om. of distilled water. 
It is invaluable in locating the parts in steel which are 
more or less saturated with phosphide. 

Boiling solutions of alkaline picrates stain free phos- 
phides a dark brown or black, but do not stain solid 
solutions of phosphide in iron, no matter how concen- 
trated the solution ma Free carbide of iron is 
similarly stained ; for that reason the reagent does not 
enable one to distinguish one from the other. One way 
of doing this, when phosphides and carbides are r, 
is to heat the polished specimen to about 270 deg. C., 
when the phosphide will become blue by the time the 
carbide assumes a reddish brown coloration. 

Professor H. Le Chatelier has suggested that electro- 
lytic etching is generally under better control than 
mm “ye | the specimens with acid nts. 

The photographs in this paper indicate how much 
y the application of modern etching 


ean be shown 
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Although the author’s reagent has always given 
excellent results in his laboratory many experimenters 
bave not been so successful. Professor H. Chatelier 
pointed out that the reagent might be improved by 
increasing the quantity of water, and this has been 
found to be the case. 

It has, however, been found desirable to have two 
solutions, one stronger than the other, for whilst the 
dilute solution is suitable for etching steels containing 
a smal] quantity of phosphorus, it is not so useful when 
the phosphorus is much increased. The solutions used 
in this research contained :— 


a. b. 
Grammes. Grammes. 
Cuprie chloride ace dhe 1 5 
Magnesium chloride ... ote 4 4 
Hydrochloric acid ... l cc. 1 c.c. 
Water ‘i ite -- Bec. 20 cc. 
Absolute alcohol bud --» 100c.c. 100 c.c. 


The attack by the cupric reagent not only stains 
primarily the parts freer from phosphorus, but bites into 
the metal, ro ing the parts attacked, leaving the 
phosphoretic parts more or less unaffected and therefore 
smooth and pe For this reason the objects when 
viewed under oblique illumination contain parts which 
appear dark, and parts quité light, the latter being the 
lower in phosphorus. As it is difficult to illuminate 
large surfaces by rays vertical to the surfaces, they 
should be examined under oblique and not direct 
——. As all the work done in this research was 
upon 8) specimens which required magnification, 
direct or vertical illumination was ado; 

Ina a = author read before the Royal Micro- 
scopica iety in 1905, reference was made to the fact 
that aqueous solutions of picric acid, after a short attack, 





methods. Indeed, but for them it would have been 
impossible to make the research. 





DESCRIPTION OF PHOTOGRAPHS. 
Fies. 1 To 6. 

All the eee py represent steel containing 0+3 per 
cent. carbon and 0-3 per cent. phosphorus. 

Nos. 1, 2 and 3 are of the same area. 

Nos. 4, 5 and 6 are likewise of the same area. 

All were ified 50 diameters. 

No. 1 was etc’ with nitric acid in alcohol. 

No. 2. After repolishing No. 1, and etching with 
Stead’s strong cupric reagent. 

No. 3. After repolishing and etching with an aqueous 
solution of picric acid. 

No. 4. Another section after heating to 960 deg. C. for 
5 minutes and qpencting in water, and etching with 
nitric acid in alcohol. 

No. 5. After repolishing No. 4 and etching with Stead’s 
strong cupric reagent. 

No. 6. After repolishing No. 5 and etching with 
aqueous picric acid solution. 


Fios. 7 T6 11. 


All the photographs represent a homogeneous alloy 
of iron =A phosphorus containing about 0-5 per cent. 
hosphorus, after carburising by cementation at 
60 C. in charcoal. 


No. 5 is the cemented bar after polishing and etching 
with strong cupric reagent. x 2. 

No. 8 was quenched in water directly it left the 
cementation vessel, and was etched with nitric acid in 
alcohol. The dark areas are martensite, the white parts 
ferrite. x 100. 


No. 9. The same specimen as No. 7, after repolishing 
and etching with weak cupric solution. x 100. 

No. 10. A carburised piece of the cemented bar 
corresponding to No. 8 after slow cooling from 960 deg. C. 
and etching with nitric acid in alcohol. x 100. 

No. 10a Me pee the most carburised part of the 


, etched with acid, after quenching from 
1,250 - C. 

No. 11 represents a part of the quenched bar farthest 
away from the charcoal, where carburisation had just 
commenced, after etching with nitric acid in alcohol 
and then by a weak cupric reagent. x 330. 


Figs. 12 To 19. 
No. 12. An alloy containing about 2 per cent. phos- 
horus, heated and cooled down with 3 tons of molten 
last-furnace slag, after etching with nitric acid. The 
white parts are free phosphide of iron which had 
crystallised out of solid solution on slow cooling. x 60. 
No. 13. A part of the same alloy as No. 12 after 
reheating at 1,000 deg. C., showing the phosphide passing 
back into solid solution. x 60. This experiment was 
made in 1889. 
No. 14, A section through three columnar c 
decarburised iron, found in the hearth of one 





tals of 
Messrs. 
Bolckow, Vaughan and Co.’s blast furnaces, showing 
thick envelopes of free iron phosphide and minute 
crystals of the same substance in the body of the metal, 
after etching with strong cupric reagent. x 50. 

No. 15. same as No. 14, after heating to 900 deg. C. 
for 5 minutes to cause most of the phosphide to pass 
into solid solution, and afterwards to 780 deg. C. for 
6 hours to allow it to recrystallise out of solid solution. 
x 330. 

No. 16. A portion of the same specimen after heatin, 
at 1,000 deg. to 1,050 deg. C. for 6 hours, to cause all 
the phosphide to pass into solid solution and prod 

rfect homogeneity, after which it was reheated for 

hours at 800 deg. C., to allow the phosphide to crystallise 
out again. It was etched by boiling in strong picrate 
of soda which stained the phosphide black. x 330. 

No. 17. An alloy containing 2-2 per cent. phosphorus, 
after heating to 1,050 deg. C. to produce a saturated solid 
solution of phosphide in iron, after which treatment— 
excepting in the bi eutectic areas—there were no 
free phosphide crystallites. It was then reheated for 
6 hours at 980 deg. to 1,000 deg. C. and was examined, 
after etching with picric acid in water. The minute 
clusters of white specks are crystallites of free phos- 





No. 18. A portion of the same metal as No. 17, x 330, 
after reheating for 6 hours at 820 deg. C., showing that 
the minute crystallites in No. 17 have grown considerably. 

No. 19. An alloy containing 2 per cent. phosphorus, 
after on heating at 1,000 deg. to 1,050 & b and 
afterwards for 6 hours at 820 deg. C. It was etched by 
boiling picrate of soda. The large black parts are the 
remains of the eutectic, the smaller dark parts are 
crystallites of phosphide which formed on heating at 
820 deg. C. x 330. 

Fies. 20 To 23. 

These ine illustrate the gradual passage of 
the phosphide into solid solution by heating for increasing 
periods at 960 deg. C. the same section of three juxta- 

decarburised columnar iron crystals from a 
leveland furnace bear. No. 23 shows that by reheating 
No. 22 at 800 deg. C. for 1 hour a portion of the phosphide 
recrystallises out again from the parts richest in 
phosphorus. 

No. 20 is the original section. x 330. 

No, 21 is the same as No, 20 after heating at 960 deg. C. 
for 5 minutes. x 330. 

No, 22. The same as No. 21 after further heating to 
960 deg. C. for 15 minutes. x 330. 

No, 23. The same as No, 22 after further heating at 
800 deg. C. for l hour. x 330. 

It is impossible to study the evidence without wonder- 
ing and trying to connect the known with the unknown. 
It is, however, important to try, even although what is 
advanced may require modification. 

The research in this absorbing field has just begun, 
and itis believed that others willendeavour by experiment 
and observation to shed more light on many points which 
remain 0} . 

As usual, I am under eltieations to many friends for 
assistance in this research : . F. M. Percy, of Wigan ; 
Mr. George Ritchie and his chemist 
Mr. F. Outhwaite and his furnace ger and 
smith; also my assistants, Messrs. Jackson, Scholes, 
Bellwood and Towers. 

By kind permission of some of the gentlemen concerned 
I have pleasure in stating that rough cut specimens, 
from be gem oy Paper and other Le ge iy in “ 
research, suitable for microscopic work, will be suppli 
free of cost, if application is made to me at m oticeen, 
care Pattinson and Stead, 11, Queen’s-terrace, 
Middlesbrough. 


Mr. D. Sil ars ; 








Lowpon AssociaTION OF ForeMEN ENGINEERS.— 
The sixty-fifth anniversary festival of the London 
Association of Foremen ineers took place at Cannon- 
street Hotel, London, on Saturday, the llth inst. The 
attendance of members and visitors was so large that 
the big dining hal! could not accommodate them, and 
an overflow hal! had to be utilised for the . The 
giain was presided over by Sir Hugh Bell, D.C.L., 

L.D., the vice-chairman being Mr. thony A. A. 
Byrd, president of the association. The association 
represents a body of men whose invaluable work vader 
most novel and difficult circumstances during the war 
a the whole nation under a debt of gratitude to 
t . 
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PRECISION SCREW-CUTTING LATHE. 


For various reasons into which we need not enter 
here, great difficulty was at first experienced in meeting 
the demands of the Ministry of Munitions for accurate 
screw gauges. Indeed, at one stage of the work the 
number of rejections was so large that some highly 
competent engineers were inclined to the belief that the 
degree of precision demanded was commercially un- 
practicable, and some pressure was exerted to obtain 
a reduction of the standard of excellence demanded. 
This advice, however, was declined by the authorities, 
who adopted the alternative course of giving induce- 
ments to the further development in this country of 
machine tools suitable for securing the precision 
desired. 

We now illustrate, on page 580, a lathe which, under 
the circumstances above referred to, was designed and 


made at the request of the Ministry by Messrs. Bryant | P 


Symons and Co., of 320, St. John-street, London, 
E.C. This lathe, notwithstanding the high quality 
of the work it is capable of producing, is not a 
scientific instrument, but a machine tool intended for 
the making of commercial products. It embodies 
some unusual features. In the first place, both centres 
are dead centres, thus ensuring that work meant to 
be round really is round and not perhaps a little 
elliptical; and in the second place the lead screw can 
have its effective pitch varied at will, so that it can 
produce a screw which is of slightly greater or slightly 
smaller pitch than the standard. In this way any 
shrinkage which may occur on hardening a gauge can 
be provided for in advance as well as errors due to 
temperature changes. Further, the lead screws of these 
lathes are all separately tested and a correction bar is 
fitted to compensate for the local errors in each lead 
screw. Each tool, moreover, when sold, is accompani 
by a certificate from the National Physical Laboratory 
as to its performance. This certificate gives the errors 
found in a screw 8 in. long actually cut on the machine, 
and thus testifies that the lathe is in satisfactory con- 
dition for cutting screw gauges. 

A general view of the machine fully equipped is 
represented in Fig. 1; whilst Fig. 3 shows it mounted 
on a cabinet pedestal fitted with a roll top cover which 
excludes dust and dirt when the tool is not in use. 
All the principal components of the tool, the castings 
as well as the lead screws and gears are thoro 
aged after rough cutting, and again after the first 
finish cut before being finally finished. Internal 
strains are thus fully relieved, and the consequent 
changes of form which might otherwise impair the 
accuracy of the tool are guarded against. 

The bed of the machine, which is of close grained 
iron, is illustrated in Fig. 2. It is supported on the 
three point principle. The ways for the head stocks 
are distinct from those on which the tool saddle runs, 
For the headstocks one of the ways has a flat face and 
the other an inverted V-section. The saddle ways are 
mounted on brackets cast on one side of the bed as 
shown, the weight being carried by flat surfaces with 
which the guiding surfaces make an angle of 60 deg. 

The lead screw is, as will be seen, imme- 
diately below the saddle slide, so that the drive to the 
latter is taken centrally, and at the same time the screw 
is well protected against dam or dirt. A hard 
Bessemer steel has been adopted as the material for 
the lead screw, with a view to securing a high resistance 
against wear. The screw is cut in a succession of 
operations between which ageing periods are allowed. 
It is of relatively large diameter and is normally given 
16 threads ‘per inch, though a metric pitch is supplied 
if desired. The thread form is represented in Fig. 4 
annexed the le between the threads being 30 deg. 

There is, it will be seen, a considerable clearance over 
the crests of the threads and in the case of the nut 
these clearance spaces have parallel sides as indicated. 
As the nut is made in halves this ment permits 
of it being thoroughly bedded, and it can, moreover, 
be readjusted in case of wear. This nut is of phosphor 
bronze, two diameters long. The two halves are 
permanently bolted together so as to make practically 
a solid nut, It is thus never di from the 
thread. It is mounted so as to be free from end play. 
but it can be rotated through a small angle in either 
direction. It is in this way that the necessary correc- 
tions are provided for. 

As indicated in Fig. 2 a finger extends from the nut 
to a guide slot or correction bar, which rests on 
machined brackets cast on the lathe bed as shown. 
The form of this slot is based on the National Physical 
La ry measurements of the screw errors, these 
being compensated for by a slight rotation of the nu 
relatively to the lead screw. The correction bar is, 
voted on its support and can be 
in one direction 


In making a ga 


which is to be hardened the 
process is to turn a 


from the metal to be used. 


This is then hardened, and the consequent shrinkage 
measured. The correction plate is then swung round 
so as to increase the effective lead of the screw by the 
amount required to compensate for the shrinkage 
observed. A graduated index plate is supplied which 
indicates directly the amount of swing necessary to 
change the effective pitch by one ten-thousandth of an 
inch per inch of screw length, either plus or minus. The 
total adjustment available on a standard machine is 
from + 0-001 in. to — 0-001 in. 

As already stated the nut on the lead screw is per- 
manently closed, so that the direction of motion of the 
saddle has to be reversed by reversing the lathe. This 
reversal is effected by the use of the crossed belt 
system, and advantage is taken of this to provide an 
automatic throw-out at each end of the saddle travel. 
For this purpose a stop bar connected at one end to 
the reverse lever and at the other sliding in a bush, is 
rovided in front of the bed as best seen in Fig. 1. 
Adjustable stops on this bar throw the driving clutches 
out of gear when the saddle comes in contact with them. 

The fixed heads, as already mentioned, are provided 
with dead centres on which the work is rotated by a 
catch plate which rides on the spindle which holds one of 
the dead centres, and is driven by gearing as indicated. 
The forward and reverse pulleys are grooved for belts, 
and are engaged by claw clutches as shown. Four 
forward and two reverse speeds are provided for, the 
speed for the latter being high so as to reduce the time 
lost in running back the saddle. 

Special care is taken in securing the accuracy of the 
change wheels, and the keyways are a push fit on all 
spindles and sleeves. An extension of the head stock 
to the front of the bed provides a long boss forming a 
bearing for the lead screw. Great attention is paid 


~s [(Y,V),.. 


7 is 
in finishing the ends of this boss to seciihs the perfect 
surfacing of the lead screw abutments so as to minimise 
the introduction of periodic errors in threads cut. 
A cast-iron guard, shown in Fig. 3, covers the change 
wheels and banjo frame when the tool is in use. 

The tailstock of the lathe is mounted on a cross-slide, 
which enables it to be set over for taper work. Dead 
alignment for parallel turning is secured by a hardened 
pin fitting into holes reamered in the tailstock bottom 
plate and cross slide. Fine setting lines are provided 
to show when these holes are co-axial, thus avoiding 
the possibility of damaging the holes by an attempt 
to enter the pin with the tailstock out of position. 
The spindle is hollow and a screwed ejecting rod is 
provided for pushing out the centre when required. 

The saddle is adjustable on its carriage, both axially 
and transversely. The axial adjustment is of short 
range, and the ing is long, so that great stiffness 
is secured. The screw for this adjustment has a head 
divided to give readings to one four-thousandth of an 
inch. The nut is split and fitted with clamping screws 
to eliminate back lash. 

The transverse slide on the saddle has no actuating 
screw, but is moved in or out by the hand lever shown 
in Fig. 1. A micrometer stop is, however, provided 
as indicated, the head to 0-00001 in. Both 
this head and that for the axial traverse can be un- 
clamped so as to ‘set to zero” whatever the position 
of the tool holder. The latter is provided with a 
surface accurately machined to the level of the lathe 
centres, so that the height of the cutting tool can be 
accurately adjusted whatever the position of the car- 
— A magnifier is mounted on the saddle as indicated 
and can be used more conveniently in tool setting than 
a glass fixed to the operator’s eye. 

The —— lathe illustrated on e 580 is 
intended for cutting screws up to 2 in. diameter and 
up to 8 in. long, and with any pitch from the finest 
up to eight threads per inch; but the makers also 
construct machines of similar design capable of dealing 
with greater lengths of work. We may add that in 
the production of these lathes the highest excellence 
of workmanship has been aimed at throughout. 





Lusricatinc O1s.—The Ministry of Munitions has 
called a general meeting of the representatives of the 
tae Seth test. for the penpene af Ueoapeing tin goalless 
t! inst., for the p of di i ition 
of supplies of lubricating oils, and of pon brie mam any 
oe agg ow which may be put forward on behalf of the 
ti Those who ire to attend, but have not 
received a letter from the Ministry on the subject, should 
apply to the Controller, Mineral Oil Production Depart- 
gual of Munitions, 8, Northumberland 








E|NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—With the current month’s 
home allocations for Cleveland ——r. iron placed, 
and the usual check to business at itsuntide, the 
market is quiet. At the same time there is no relaxation 
in the pressure for delivery. Iron is plentiful, and as 
supply of trucks is steadily improving, and increasing 
use is being made of water-borne transport wherever 
possible, distribution is larger. Forge iron continues in 
good home demand, and as this quality does not come 
under the allocation system sales are being put through 
on both early and forward account. umers are 
keen to place orders ahead, but makers still hesitate to 
commit thems2lves forward to any great extent. Foreign 
trade is quiet, and exports, except to France, are small. 
For home consumption, No. 3 Cleveland pig-iron, No. 4 
foundry and No. 4 forge are all quoted 958., and No. 1 
is 99s.; and for shipment to France and Italy, No. 3 
and the lower qualities are 114s. and No. 1 is 119s. 

Hematite Iron.—Production of East Coast hematite 
iron is well maintained and with but small quantities 
being exported, home requirements are quite adequately 
covered. Further increase of output, however, is not 
probable, and thus existing licences for export are likely 
to be met only at the expense of home trade, when 
steamers are available. The use of basic iron and scrap 
for steel-making has assumed very large proportions, and 
promises to continue to increase, so that more relief 
to the hematite position may be looked for. Nos. 1, 2 
and 3 East Coast brands are 122s. 6d. for home use and 
1478. 6d. for export to France and Italy. 


Manufactured Iron and Steel.—Output of manu- 
factured iron and steel is enormous. The huge demand 
for shipbuilding material tends to increase, but there is 
good ground for belief that all requirements will] continue 
to be satisfactorily dealt with. any works were closed 
Monday and Tuesday, but one very large establishment 
worked through the holidays. To home customers 
common iron bars are 13/. 17s. 6d.; best bars, 14I. 5s. ; 
double best bars 14/. 12s. 6d. ; iron ship plates, 151. 10s. ; 
iron ship angles, 131. 17s. 6d. ; steel ship plates, 111. 10s. ; 
steel ship angles, 111. 2s. 6d. ; steel boiler plates, 12/. 10s. ; 
steel hoops, 171. 10s. ; and heavy steel rails, 10/. 17s. 6d. 
Whilst there are no fixed export prices, they may be 
given approximately at 40s. to 60s. above the home 
quotations. 

Coke.—Supply of coke is hardly adequate to the heavy 
demand for home and for export. Shipment to neutrals 
is only quiet, and the export quotation thereto, both 
for furnace and foundry description, is firm at 50s. For 
home use foundry coke is 388.; average blast-furnace 
kind, 33a. at the ovens, and quality low in phosphorus 
358. 6d. at the ovens. 





Tue Stivnes Concern.—The large German under- 
takings continue their process of extension and expansion. 
Thus the firm of Hugo Stinnes, Miilheim, which for years 
has kept increasing its hold upon the German coal 
business, and done a large business in English coal and 
also owned branch establishments and mines in England, 
has now taken over a number of concerns in Hamburg, 
Berlin and elsewhere. In the former place the shipping 
concern of H. W. Heilmann and the Elbe briquette 
works; the Holm and Molzen English coal-importing 
concern, Flensburg; the Kénigsberg on agg works, 
K6nigsberg ; the Westphal briquette works, Harburg ; 
the a coal and coke works, Bremerhafen ; and the 
Berlin Coal Supply Company, are likewise under the 
control of Hugo Boo, who has, through extensive 
wey of property, secured a preponderant position. 

‘o Stinnes is also extending his interest and influence 
in shippin , thus in the Woermann Line, the Hamburg- 
American Line, the Midgard yard, Nordenham, and the 
Nordsee yard, in Emden. 





& Rerarmc Damacep Sxips.—A highly important 
work in maintaining the number of ships afloat is that 
done in the repair yards. These have been co-ordinated 

out the country and all ible accommodation 
has been brought into use, with the result that an 
immense amount of work is now being turned out. In 
the period from August 3, 1917, when the directorate 
got its organisation to work, to April 25, 1918, these 
yards have repaired and restored to service 5,307 vessels, 
representing an aggregate gross tonnage of 16,150,000 
tons. This gives a weekly = for the period of 
414,105 gross tons, but the weekly average for some 
weeks past has risen to over 500,000 tons, and is 
steadily increasing. As much as 2,120,301 gross tons of 
shipping have been in hand during one week, of which, 
during the week, more than 500,000 tons were restored 
to service. The amount restored in one week has 
reached the figure of 598,000 gross tons. Five — 
each over 20,000 tons, have left the yards ready for 
service in a single week. Altho our accommodation 
for big ~~ Ny is the best in the world, it is none 
too plentiful, and the greatest economy is observed in 
its use. Not a stroke ol wack is done on a vessel in dock 
that can be done afloat. The moment a damaged ship 
has completed all under-water repairs, she is taken out 
of dock, and all other repairs are completed afloat. In 
the case of a very badly damaged hull, which will] take 
a considerable time to restore to floating condition, the 
other repairs proceed simultaneously so that when the 
ship can float she is completely ready for service. In all 
cases labour and material are economised to the fullest 
extent ible. Only work of an imperative necessity 
to fit vessel for sea service is carried out, thus al! 
waste is avoided. The time of a vessel’s being off service 





is limited in every case as far as possible. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—The manufacture of munitions 
of war, and the material requi by the shipbuilding 
yards for the construction of standard vessels and other 
craft destined to play a part of more or less importance 
in the present struggle for supremacy, continues to 
occupy the attention of steelmakers in the West of 
Scotland, and every mill which will run is being utilised. 
Pressure for delivery is still as heavy as ever, and in some 
establishments considerable difficulty is experienced in 
turning out the material to time, and this even with 
increased facilities for output. Without doubt the 
present rate of output is colossal, and while at the 
moment the shipbuilders seem to be satisfied with their 
supplies—in certain other quarters the reverse is the 
case. It is fully expected that ere long more material, 
in the shape of steel ship and boiler plates, sections, &c., 
will be required for the shipyards, but in the meantime 
the fact that the requirements are being so well met has 
freed some further consignments for Government 
purposes in France and India, Other than this very 
little export is being put through. 


Malleable Iron Trade.—In the malleable iron industry 
work of national importance has first place, and the mills 
are running to their fullest capacity in the production of 
sectional material and small rounds required for the 

s of the war. The output of both the iron and 
the steel departments is being disposed of in this manner, 
and a deci falling-off in the re-rolling of shell discard 
steel has taken place, altho whether this will continue 
or not is another matter. port asserts that changes 
in the price of steel may be expected shortly. 


Scotch Pig-Iron Trade.—Conditions of great activity 
rule in the pig-iron trade, hematite being in heavy demand 
for the steel works and forge and foundry iron for the 
iron works and the engineering shops. With every ton 
produced going direct into use, no stock can be accu- 
mulated. To the best of their ability, makers endeavour 
to distribute the output in strict accordance with the 
necessitous requirements of each consumer. Export has 
tapered away to vanishing point, 


Shipbuilding at Bo’ness.—In furtherance of the scheme 
for the development of the Forth area, an inquiry 
regarding ground for the construction of a shipbuilding 
yard in the neighbourhood of Bo’ness has just been 
submitted to the Bo’ness Town Council. The idea of the 
company making the inquiry is to acquire ground and 
lay down plant suitable he the building of a modern 
class of vessel. Naturally the proposal has been very 
well received, Provost Grant asserting at the meeting 
at which the letter was read that, on the foreshore of 
Bo'ness, there was plenty of good ground for the desired 
purpose, besides giving voice to the opinion that every- 
thing possible would be done, alike by the Council, the 
landed proprietors in the district and the citizens generally 
to further the interests of a new industry in the neighbour- 

A favourable report of the prospects of the 
proposed scheme is being despatched to the inquirers, 
and the community awaits with expectancy the result 
of the overtures. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Supplies of Refractory Material—In an 
interesting paper to the Refractory Material Section 
of the Ceramic Society last week, fessor Fearnsides 
pointed out that in its possession of ample reserves of 
those kinds of mineral raw material which were required 
for the construction and maintenance of all kinds of high 
temperature furnaces for the making and working of 
iron and steel, the Sheffield district was particularly 
fortunate, especially in the loca] development of the beds 
of refractory minera] material which formed an important 
fraction of the lower (the Halifax Group) of the 
Lower Coal Measure Series. Towards the top of the 
Halifax group of measures occurred the famous Sheffield 
ganister, which provided the staple raw material on 
which the local silica brick-making industry had been 
built up. So important were the products of this minor 
industry to the major metallurgical industries that the 
mining of ganister measures associated with the Halifax 
hard bed of coal might fairly claim to rank as a national 
key industry, essential to the existence, and certainly to 
the prosperity of the Sheffield trades, and it was clear 
that without a supply of such ganister, modern methods 
of ——s as practised in Sheffield could not be 
contin 


Iron and Steel.—The abandonment of the Easter 
holidays and the strenuous work of the past two months 
has placed our munitions industries again in a position 
of security, and with few exceptions local works set 
dowa for an extended holiday this Whitsuntide. The 
second quarter of the year has so far been one of hard 
work in every department. The March offensive marked 
renewed activity in the steel trade, which for some time 
had been a declining quantity. The increased call for 
munitions, and the pressure in the aeroplane, tank, motor 
and shipbuilding industries called for vigorous 
on the part of iocal makers, and it has been necessary to 
com deer an i ing t of female labour to 
take the place of the young men who have been released 
forthearmy. Orders forsaws, twist drills, filesand other 
tools for army, Admiralty and general are 
coming to hand in ever-increasing quantities, and work 
will be renewed with full order books. 

South Yorkshire Coal Trade.—The shortage of supplies 
on the Sheffield coal market has been further accentuated 
this week by the holidays. Business in house fuel is 





very restricted. Collieries, after supplying the weekly 





pe a same of the London area, have very little avail- 
able for distribution elsewhere. Local stocks are short, 
and merchants badly in arrear. Practically the whole of 
the output of manufacturing fuel is absorbed on requisi- 
tion account, and collieries are pressed all round for 
supplies. Prices are at the full maximum rates. There 
is considerable inquiry for tonnage for export to neutral 
countries, but no supplies are available. Slacks are 
scarce, contracts in arrear, and practically no coal on the 
open market. Blast-furnace coke is in brisk request. 
Quotations show no change. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Loca! Markets.—In view of the holidays more 
ey there has been little doing in the loca] markets 


this week, and comparatively few colliery salesmen put 
in an appearance on ’Change yesterday morning and 
to-day. position is unchanged, except in so far that 


the shortage of coal is becoming more acute and this 
is accentuated by the interruption caused by the Whitsun 
holidays. Practically all that is produced for export is 
absorbed to meet the most essential requirements. For 
private account merchants are finding it more difficult 
than ever to obtain the release of coal due under con- 
tracts and for the moment one cannot see any immediate 
prospect of improvement. Then, again, the stop 

of the Tredegar Collieries involves an appreciable 
restriction in the supply of Monmouthshire coals, and 
an effort is being made to induce other collieries to 
indulge in a sympathetic strike. How far this will 
succeed remains to be seen, but the position at present 
gives cause to a good deal of concern as the extreme 
section in the coalfield are always on the alert to capitalise 
the least symptom of unrest. 


Newport.—The shortage in the supply of coal continues 
unabated and the exceptional paucity of washed smalls 
is reacting seriously on the uction of foundry coke 
and, in a lesser degree, on the manufacture of furnace 
coke. The South Wales Coal and Coke Supplies Com- 
mittee has been asked to take steps with a view to the 
mitigation of the effects of the loss of washed smalls 
due to the stoppage of work at the Tredegar pits, but as 
the supply of these coals has been relatively scarce for 
some weeks past, it is difficult to see how the supplics for 
foundry coke purposes can be appreciably increased 
other sources. 


Irregular Colliery Stoppages.—It was only at the end 
of last March that the Joint Coal Board, at the suggestion 
of the workmen’s representatives, agreed to the establish- 
ment of a Joint Standing Disputes Committee, which 
meets weekly in order to deal expeditiously with any 
trouble that may ariso at individual collieries, and thus 
prevent stoppages. It was on the understanding that 
disputes would be immediately referred to this committee 
that the owners agree to withdraw notices issued against 
a large number of workmen for illegal abstention from 
work. Unfortunately, however, even the new machinery 
set up has not had the effect of eliminating these dis- 
concerting and embarrassing dislocations of trade, 
and the most notable of these is the sudden stoppage of 
the Tredegar Collieries, in the Monmouthshire Valleys, 
where upwards of 6,000 men are employed. The present 
impasse, as pointed out by Mr. A. 58. Tallis, the general 
manager, is really caused by the refusal of the local 
leaders of the men to refer the points at issue to the 
disputes committee of the Joint Board. Instead of 
adopting this course Mr. Tallis was asked to meet a 
committee formed by the extreme section of the workmen 
and known as the “* Combine Workmen’s Committee ”’— 
a body which comprises representatives of workmen of 
other collieries as well as thoseat which the disputes arose. 
This committee the colliery management have never 
before met and have no power to meet without setting 
up a new precedent to those laid down in the agreement 
of March last. For the moment there is no sign of a 
settlement oy attempted ; on the contrary, delegates 
are being sent from the colliery to other districts with 
the view of endeavouring to bring about other stoppages. 


The Miners Holidays and Shortage of Coal.—All the 
collieries in the Welsh coalfield were idle on Monday and 
Tuesday, but the men’s leaders promised that there 
should be a general resumption of work to-day. It is 
estimated, however, that not more than half of the men 
returned to work to-day. Doubtless this is accounted 
for mainly by the extraordinarily fine weather, but these 
wholesale abstentions seriously jeopardise the supply of 
coal both for shipment and for home consumption. 
The District Coal and Coke Supplies Committee are 
taking steps to relieve the position as far as possible in the 
case of exports, and from a circular issued to colliery 
companies to-day, it is shown that in order to facilitate 
shipment, supplies of coal for home consumption are to 
be reduced wherever possible. Information is being 
compiled as to works to which supplies can be cut down, 
and in the case of household coals, colliery companies 
supplying these qualities are advised that they should no 
longer send truck loads of coal] to individual private 
consumers, and deliveries to individual factors and 
merchants should be reduced by 10 per cent. in June, 
as compared with the quantities supplied in the same 
months in 1915. 








Tue Concrete Urtitirims Bureav.—A permanent 
collection of concrete products has been arranged at 
143, Grosvenor-road, near Vauxhall Bridge. This collec- 
tion is interesting in view of the fact that at the present 
time economy in the use of timber and steel is of 

ount importance. The exhibit has been provided 
by the above bureau, whose address is 6, Lloyd’s Avenue, 

C. 3. 





NOTICES OF MEETINGS. 


Tae Junior InstrruTion or ENGINEERS; MIDLAND 
SectTion.—Friday, May 24, 7.45 p.m., at the Imperial 
Hotel, Birmingham, Mr. Langley will read a paper on 
“ The Early History of the Steam Engine.” 

Tse Surveyors’ Instirution.—Monday, May 27, 
at5p.m. The annual general meeting of the Institution, 
to receive the Report of the Council and announce the 
result of the Election of Officers for the ensuing year. 

_prizes awarded to successful candidates in con- 
nection with the recent Parliamentary and Professional 
Examinations will be presented by the President at this 
meeting. 

Tae Junior InstiruTion or Enoingeers (Nortu- 
Eastern Srcrion).—Tuesday, May 28, at 7.15 p.m., at 
the Mining Institute, Neville-street, Newcastle-on-Tyne, 
a@ paper will be read on “ Lightning Phenomena,” by 
Mr. 8. A. Stigant. 

Tae InstITUTION or PETROLEUM TECHNOLOGISTS.— 
Tuesday, May 28, at 8 p.m., at the House of the Royal 





Society of , John-street, Adelphi, W.C. 2. 
following paper will be read: “ Application of 
Electrical Power to Oilfield Requirements,” by Mr. 


J. Wilfred Burford, M.I.Min.E., A.M.I.E.E. 

Tue Roya Soorry or Arts.—Wednesday, May 29, 
at 4.30 p.m. A paper on “ nee ry | Relation 
to Industry ’’ will be read by r. Martin O. Forster, D.Sc., 
Ph.D., F.R.S. The chair will be taken by Sir William A. 
Tilden, D.Sc., LL.D., F.R.8. 

Tue Royat InstiruTion or Great Brirain.—Friday, 
May 31, at 5.30 p.m., a discourse will be delivered by 
Mr. Lawrence Binyon. The subject will be “‘ Poetry and 
Modern Life.” Afternoon Lectures at 3 p.m. :—On 
Tuesday, May 28: Sir Arthur Newbolt, D.Litt., on “‘ The 
Poetry of Thomas Hardy: The Dynasts” (Leeture I). 
On Thursday, May 30: Lieutenant-Colonel Sir Francis 
Younghusband, K.C.8.I., K.C.I.E., on “The Abode of 
Snow: Its Appearance, Inhabitants and History” 
(Lecture II). Saturday, June 1: Professor Charles J. 
Patten, M.D., Sc.D., on ‘‘ Problems in Bird Migration ” 
(Lecture II). General meeting, Monday, June 3. 





Losses oF Mercuant TonnaGe.—The Secretary of 
the Admiralty makes the following announcement : 
The losses of Britich, allied and neutral] merchant tonnage 


from | due to enemy action and marine risk during the month 


of = 1918, compared with. preceding periods are set 














out below :— 
Gross Tonnage, 
Allied and 

Second quarter, 1917) 1,361,870 875,064 2,236,938: 
Third quarter, 1917 952,938 641,535 1,404,473 
Fourth quarter, 1917 782,889 409,054 1,272,843 
First quarter, 1918.. 695,380 447,350 1,142, 730 
April, 1918 .. oe 220,709 94,393 805,102 





tons and over 





The tonnage of steamships of 500 gi 


entering and clearing United Kingdom ports from and 
to ports overseas was as under :— 
Period. Gross Tons, 
January, 1918 ee ee oe oe 6,336,663 
| Ae ag 1918 be os sé ie 6,326,965 
March,i918.. ..  .. Ce 
April, 1918 .. ee ° 7,040,309 


This statement embraces all United Kingdom seaborne 
traffic other than coastwise and crogs-Channel. 


Exzcorric Furnaces ror Steet Castines.—The 
Michigan Steel Castings Company, of Detroit, has, 
since winter, 1915-16, been using two electric furnaces 
of the Héroult type for making smal! castings for auto 
mobile trucks, &c.; the average — of a casting is 
20 Ib., but the weight may only be 4 Ib. or rise to 200 Ib, 
and even 2,000 lb. Before adopting electric furnaces, 
which the president of the company, Mr. R. F, Flinter- 
mann, thoroughly recommen to the meeting of the 
American Electrochemical Society, held at Detroit last 
year, they had used crucibles. crucibles were 
expensive, lacked uniformity, and contaminated the steel 
with carbon. The side-blown Tropenas converters, then 
tried, were cheaper and more satisfactory, as larger bulk 
and high manganese percentages could be dealt with. 
The electric furnaces, one of 6 tons, the other of 3 tons, 
gave a superior steel, however, the superiority being 
attributed to the low content in sulphur and in oxi 
and slags. The furnaces were originally lined wi 
magnesia. The rising cost of magnesite, however, 
induced the company to pass to acid linings and the 
results have been encouraging, especially when working 
the “ reverse-duplexing process.” By this method part 
of the metal is Ited and refined in a basic furnace 
which can be run at comparatively low temperature ; 
sulphur and phosphorus are eliminated, even when the 
raw material (screw machine turnings) is rich in these 
elements and could not entirely be treated in acid 
furnaces. The charge is then added to another portion 
of the steel which has meanwhile been fused in an acid 
furnace, in which the deoxidation is completed. There 
is less trouble with the slag in acid furnaces, it was 
claimed. That statement and the advantages of acid 
and basic a and of the reverse-duplexing formed the 
chief subjects for the discussion. Mr. Flintermann did 
not claim that electric-furnace steel is free from blow- 
holes, as Girod and others have asserted, But he 
mentioned that long, thin-section castings such as cross- 
members on engine su is, had inclined to develop 
shrink cracks, when in the converter, and that they 
had no trouble from that cause with the electric furnaces 
which tad been running continuously since their 
installation. 
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HIGH-PRECISION SCREW-CUTTING LATHE. 
CONSTRUCTED BY MESSRS. BRYANT SYMONS AND CO., ENGINEERS, LONDON. 
(For Description, see Page 578.) 



































Tue Institution or Gas EnGIngERs.—The annual ; engifieérs~atid upon all occupying leading positions in ; facilities for meetings, lectures, &c. It was thus hoped 
meeting of the Institution of Gas Engineers is to take | the engineering industry in connection with the work of | that it would. become the meeting-place of the various 
»lace on June 4and 5, at the Institution of Civil Engineers, | reconstruction suhdoeed. necessary by the war. It was technical societies in the district. Such a common 
Vestminster, under the presidency of the Right Hon. | felt, however, that as a body engineers did not have the | meeting-place for these societies had long been desired in 
Lord Moulton, G.B.E. wer corresponding to their abilities. This was no| Birmingham. The following resolution was moved by 

wdiibia ubt due to their being scattered and split up into a|the chairman, seconded by Mr. James Carrington, 
large. number of organisations which had very little | M.I.M.E., and carried unanimously: ‘“‘ That a Midland 

Prorosep Enarxerrs’ CLusB ror THE Miptanps.—| contact witheach other. It was felt that the first thing | Engineers’ Club be founded in Birmingham and that 
A representative meeting was held on Wednesday, the | to do was for engineers and those associated with them | those present constitute themselves into a provisional 
15th inst., at the Chamber of Commerce, Birmingham, technically to come together and know each other. | general committee for the production of a scheme for 
in connection with the project for forming an engineers | Guided by these considerations it had been 7 to |such, with power to add to their number.” Dr. C. C. 
club in the Midlands. opening the proceedings, the | found an engineers’ club in the Midlands. idea | Garrard, General Electric Company, and Mr. J. Fearn, 
chairman, Dr. C. C. Garrard, M.I.E.E., remarked that in | underlying the organisation was that it should offer all} Birmingham Smal] Arms Company, Limited, were elected 
the future a great responsibility would rest upon the | the advantages of a first-class social club combined with | provisional chairman and honorary secretary respectively. 
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ELECTRIC SHIP PROPULSION. 


CONSIDERABLE interest is being evinced at the 
present time in electric ship propulsion. The name 
is perhaps rather misleading, ‘in that the electric 
plant is simply used as a flexible gearing between 
the power generator and the propeller. The 
hydraulic analogy can aptly be applied in this case 
to explain the function of the main electrical plant. 

We have recently described the first ship of 
considerable size so fitted out in this country, 
the Wulsty Castle, and those who have followed 
the trend of marine practice will be quite familiar 
with recent experiments and decisions in this con- 
nection in the United States of America. Special 
circumstances warrant special measures, and the 
problems to be faced by American naval engineers 
are somewhat different from those with which we 
in this country are confronted. The flexibility of 
the electric system of transmission permits of an 
economy of fuel consumption over a wide range 
of powers, and so of speeds of ship, that cannot be 
approached by any other system. Without the 
electric system most undesirable complications are 
introduced into the main turbines, including the 
addition of separate suitably geared cruising turbines, 
which only come into operation when the power and 
the speed have been reduced to a designed figure 
and so give an economy at reduced power which is, 
however, below that obtained by the electric 
system, and even then does not afford the same 
flexibility as is achieved by the latter. It will be 
clear that this advantage of economy over a wide 
range of powers is of special advantage to a navy 
which must operate at a considerable distance from 
its bases, this being the conditions for which the 
American Navy must provide. 

Another great advantage of the electric system for 
war purposes is the manner in which many of the 
important units can be accommodated in positions 
of great immunity from damage, especially from 
torpedo attack. This is a condition of maximum 
importance under present-day war conditions, since 
with the electric system cables take the place of 
shafting, piping, &c., and can be well and readily 
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58 | and the Scotch cylindrical boiler. 








ally where cruising economy and radius of action 
are of prime importance, the electric system of 
propulsion has therefore exceedingly strong claims 


586|and much to commend it. 


The foregoing remarks do not necessarily apply to 
the system as applied to the propulsion of ordinary 
cargo vessels. The standard machinery for cargo 
carriers has been the triple-expansion steam engine 
It is somewhat 
strange in the light of the great and extending 
application of the water-tube boiler ashore that it 


590 | has made such little headway afloat in the mercantile 


marine. It has no economy over the Scotch boiler 
to offer, yet in weight, in quick steam-raising 
perties, good circulation and price it can afford 





many advantages with practically equal economy 
of fuel per unit steam generated. The reason that 
the Scotch cylindrical boiler has held the field must 
be sought for in its well tried qualities of being able to 
deal well with the great variations in quality of coal 
and of firing to which normally it is subjected. It is 
not a delicate boiler, is well understood by those 
using it, and the large volume of water contained 
gives a margin of safety from burning out or damage. 
Its long continued use is simply a proof of the con- 
servatism of marine engi arising out of the 
necessary condition that reliability comes first, and 
it does not mean that the water-tube boiler, with 
coal handling and firing appliances, will not be 
applied to mercantile marine use and that at an 
date. 

One condition required to be satisfied in the past 
by marine engineers was that, if the worst con- 
ceivable mishap occurred a repair, even a patch-up 
repair, could be effected and the ship brought to 
port. The only exception was the losing of the 
propeller in a single-ecrew ship, without a spare one 


‘lon board. This condition of.easy repair is admir- 


ably met by the Scotch cylindrical boiler and the 
reciprocating steam engine. The turbine has not 
yet been generally accepted for the propulsion of 
the average single-screw merchantman, although 
after the war little doubt is entertained that the 
geared turbine installations will take a very strong 
place in marine construction. 

In spite of the opposition at the commencement 
of the reapplication of mechanical gearing between 
the main engines and the propeller, the rate at'which 
mechanical gearing has tae accepted is remarkable, 
and, furthermore, double reduction gearing is assured 
of anextensive and fair trial in the immediate future, 
although it cannot be said yet to have been really 
proved in practice. The turbine and gearing may be 
considered as the probable standard marine 
machinery of the near future, first of all for the 
larger twin-screw vessels, and later for the single- 
screw average cargo carrier. This represents a very 
long step, although no one would be so bold as to 
state that the double mechanical gear represents 
finality in the solution of the problem of reconciling 
the turbine to the propeller. 

To consider the claims of the electric system, it 
must be compared with the geared steam turbines 
expanding the steam in two or more turbines and 
utilising the same amount of superheat. The 
question relative to superheat and superheaters 
afloat is not so simple as in land practice where they 
represent new standard practice. However, the 
superheater is gaining favour for ships and the 
difficulties relative to the astern turbine and super- 
heat are in no way incapable of solution. The 
electric system has the advantage that the astern 
turbine is eliminated and that the main generators 
are kept running continuously in the one direction, 
so that the question of superheat is not fraught 
with the same difficulties. Elimination of the astern 
turbine, except in so far as superheat is concerned, 
is not such an advantage as has been made out by 
advocates of the electric and other similar systems. 

The electric system will therefore fall to be 
compared with the double reduction-geared turbine 
in respect of :—(a) First cost. (b) Economy of 
operation in regard to fuel costs. (c) Personnel. 
(d) Reliability under sea-going conditions and 
facility with which repairs can be effected. (e) 
Weight and space occupied. 

In regard to first cost, little can at present be 
said as the system is new and a small saving in fuel 
would cover a relatively large difference in capital 
charges, although the electric system with its extra 
conversion of energy and the cost of copper for 
cables, &c., would seem to be intrinsically expensive. 

As regards economy of operation at sea, qualities 
of coal which vary from port to port, and the suit- 
ability of the firing which is an uncertain factor, 
make comparison difficult. With the electric 
system, until such time as marine engineers have 
been trained to a higher degree of proficiency in 
electrical matters, questions of personnel are bound 
to militate against its employment, and whilst 
electrical machinery has reached a great degree of 
reliability, yet its application to marine purposes 
must be very carefully studied lest certain con- 
ditions should not be satisfied. Of course the ques- 
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tion of repairs is always in favour of the simplest of 
all systems, and this cannot be said to be the 
electric system. 

There are now several double-reduction geared 
ships in operation and others are being completed, 
so that we may hope at an early date to have such 
data as will enable a comparison to be made between 
these two systems on the lines as suggested above. 





“: THE MINISTRY OF MUNITIONS 
‘EXHIBITIONS OF WOMEN’S WORK. 
., THE series of exhibitions of women’s work given 
last year at London, Leeds, Newcastle, Sheffield, 
Birmingham and Manchester was resumed on 
Wednesday by one at the Whitechapel Art Gallery, 
opened by Mr. F. G. Kellaway, M.P., Parliamentary 
Secretary to the Ministry. It will remain open daily 
till June 20, from noon till 9 p.m. on weekdays 
and from 1 p.m. to 6 p.m. on Sundays, and is to be 
followed by a series running through the rest of the 
year, and held for a fortnight each at Nottingham, 
Liverpool, Swansea, Wolverhampton, Darlington, 

Glasgow and Aberdeen. 

As before, the exhibits consist in part of specimens 
of work, and in part of photographs of women 
engaged not only on the production of such work 
but also on operations that cannot be reproduced 
conveniently witbin the walls of an exhibition. 
The specimens include parts of engines for aircraft, 
“ tanks” and motor transport, as well as of Diesel 
engines, locomotives and turbines, and accessories 
such as magnetos, sparking plugs and air pumps ; 
details of guns and gun sights, notably of breech 
mechanisms from the 12-pdr. to the 8-in. howitzer ; 
small arms, including Lewis and Vickers guns, 
shown in much detail; welded and other sheet- 
metal work for aircraft, and aircraft woodwork, 
with partly assembled framing for planes, and struts, 
propellers. and other joinery; and unclassified 
engineering work, including pneumatic tools, 
pulleys and i In addition, there are con- 
siderable collections of tool-room work, including 
a variety of tools such as drills and twist drills, 
cutters, reamers and taps; drawing dies and 
punches, chucks and test pieces; projectiles, in- 
cluding shells, fuses, gaines and bombs; optical 
work, including rangefinders, binoculars and peri- 
scopes; and blown glassware, from incandescent 
lamp bulbs produced trom the pot to surgical glass 
thermometers, Rintgen-ray tubes and other blow- 
pipe work. Many articles, such as the Clerget 
engine cylinder and some optical instruments, are 
shown in various stages of manufacture ; and both 
in this way and in the detailed catalogue the 
specimens are supplemented by a great deal of 
valuable information exhibiting separately both 
the constituent parts that women make and the 
circumstances—material, tool, limits, time, extent 
of supervision—under which they make them. 

To some extent the photographs cover the same 
ground, but even where they do so they add valuable 
indications of the actual processes and tools on 
which the women are engaged, and collectively 
show even better than the specimens the enormous 
variety of mechanical work that women are now 
doing. The largest group of photographs is devoted 
to the work of women in shipbuilding and mechanical 
engineering. One photograph, showing women 
running electric wiring on a warship, is interest- 
ing at the present time, when there is a great scarcity 
of skilled electric fitters, and the separation of 
electrical work into what requires real skill and 
experience from what can be done satisfactorily with 
short training, seems to be particularly imperfect. 
The large number of photographs showing machining 
operations on lathes, drills, boring machines, slotters, 
planers and shapers is a reminder of the variety of 
machining on marine work that women can do if 
men will employ them ; and perhaps as instructive 
are the photographs of women working on large 
structures, such as tubular boilers, and on work at 
heights, such as painting ships’ sides. Other 
notable marine work includes fitting and finishing 
details of engines, and operating and setting up 
centre lathes for themselves on non-repetition work. 
An interesting collection is that which shows 
the large part women are taking in making turbines, 
from trimming the individual blades to building up 





the rotors. Allied to the photographs of marine 
work are those of constructional and general 
engineering. Here, for instance, women are seen 
doing a variety of operations on the construction of 
bridge girders; marking out, drilling with power 
and hydraulic machines and with pneumatic drills, 
holding up, acting as fitter’s helper in assembling 
girders, hydraulic riveting, punching and shearing, 
besides a variety of machining on plates and of 
miscellaneous work, such as painting and general 
labouring. In boiler work, again, they are seen 
planing and bending plates, hydraulic riveting flues, 
boring shells, drilling flue flanges and end-plates. In 
locomotive work, besides marking off and a variety 
of non-repetition machine jobs in which they set up 
for themselves, they are ‘turning locomotive wheels 
and doing a number of minor fitting jobs. Other 
work, not to be seen in the specimens. is shown in the 
photographs of the considerable amount of work 
women are now doing in wire and rolling mills ; in 
the chemical and explosives trades, from labouring 
and process work to laboratory estimations ; and 
in the foundry in practically all operations except 
melting. They show also the facility with which 
they can drive cranes for all uses, their trustworthi- 
ness in taking charge of power plant, and their 
adaptability in doing.a variety of repairs, such, for 
example, as those to automatic gas meters. 

A section of peculiar interest in its promise for 
the future is that devoted to the exhibits of the 
Ministry’s Instructional Factories and Training 
Centres. There are upwards of 50 of these factories 
now in operation in most of the large industrial 
districts ; and exhibits are shown here from some 
18 0fthem. The most complete in this exhibition is 
perhaps that of the Loughborough Technical 
Institute. Limitations of space make it impossible 
to describe fully what is shown in this exhibit, but 
it may be commended to the careful attention of 
manufacturers who wish to know what can be done 
by the women and discharged soldiers—for at these 
centres discharged soldiers are now trained as freely 
as women—who are turned out from such institutes 
week after week. They will see examples of oxy- 
acetylene welding on sheet metal and on cast-iron 
that would be admirable for the most experienced 
tradesman, and all produced by women who have 
had anything from a fortnight to six weeks’ training. 
A piece of cast-iron welding, for example, done by 
a woman after a fortnight’s training, would be quite 
unexceptionable by whomever it had been produced. 
From the aero-fitting shop specimens are shown of a 
large variety of sheet-metal fittings that women are 
making to drawings after a matter of anything from 
about a week to three weeks’ training. Other 
examples are shown of woodwork in similar variety, 
and a complete wing of an “ Avro” aeroplane is 
not only made in all its parts by women but com- 
pletely assembled. In the gauge department 
examples are shown of master gauges, which the In- 
stitute makes for the National Physical Laboratory, 
made entirely by women except, curiously enough, 
the hardening, though they do such work often in 
other shops ; and in machine work the product of 
every variety of machine is shown applied to the 
uses of almost all war industries. There are also 
some examples of fitting, such as parts of optical 
indicators for aero-engines ; and an exhibit, notable 
because it belongs to a branch of work into which 
women seem to have had much difficulty in securing 
entrance, is that of pattern making, of which many 
specimens are shown. Perhaps the most instructive 
fact in connection with this exhibit is that the entire 
operative staff of the institution, numbering over 
600 people, including its tool-room, is composed of 
its own pupils. It could not have been easy work 
for the instructors at the outset to work a large 
establishment with so complete an absence of 
experienced labour and so constant an influx of 
inexperienced newcomers; and the fact that they 
have been able to do this, and are carrying on with an 
increasing output of pupils, is the best evidence of 
the completeness with which women and discharged 
soldiers can be adapted to industrial work, if the 
care and trouble are taken to train them in the 
right way. 

The proviso is specially important in the case of 
discharged soldiers, not only because many of them 
have to learn shop habits as well as shop practice, 





but also because they represent a huge moral 
obligation of the community which at present it 
seems a long way from discharging. The fault 
may technically lie with the discharged soldier, for 
on paper the arrangements and allowances for his 
training are liberal as compared with what is done 
in other countries or has been usual in the past ; 
but the fact remains that, whoever may be at fault, 
the loss is the country’s because, in so far as 
it does not succeed in attracting discharged soldiers, 
it is both failing in its obligation and losing what 
should be a valuable present source of productive 
power. The Ministry of Munitions with great 
wisdom and sympathy has given manufacturers to 
understand that for the purposes of dilution it 
regards the employment of discharged soldiers as 
equivalent to that of women. Experience after the 
Boer War confirms what has often been found 
during the past three years, that to be efficient 
workmen discharged soldiers need a preliminary 
shop training before they are actually launched 
into commercial work. The provisions for giving 
this training shown in this exhibition are admirable 
in quality ; but in quantity and in the means of 
attracting the right men they seem still to be in their 
infancy if the best use is to be made of this labour. 
Mr. Kellaway said that about 500 women are being 
turned out from these schools every week, and 
between 40,000 and 50,000 had been turned out in 
all. Apparently this figure includes discharged 
soldiers, who can only be a small fraction of it ; 
and it is plain that, even making allowance for the 
firms who have instituted systematic training shops 
of their own—an enterprise most highly to be 
commended, but probably more suitable to the 
training of women than to that of soldiers newly 
home from war and hospital—the total provision 
for training these men can only be touching the 
fringe of the numbers who are available for such 
training, if they were taught and the training 
facilities provided on a large enough scale. 

It must be conceded that without serious 
exaggeration the Ministry of Munitions may be 
said to have compiled in the specimens and photo- 
graphs of this exhibition a dictionary of war manu- 
factures. The utmost credit is due to their technical 
staff for so admirable a result, and it is to be hoped 
that in their further exhibitions and in future 
editions of their catalogue they will not be weary 
in well-doing, but will contrive to present the 
information they have collected with increasing 
fulness. The exhibition, indeed, is the physical 
complement of the vast figures in which the aggre- 
gate amount of women’s work has so often been 
expressed by official speakers. But, proper though 
it may be in due season to praise famous men and 
to magnify their achievements, the question that 
this exhibition suggests at the present time is not so 
much how far women and discharged soldiers have 
already contributed to maintain industrial pro- 
duction as how far their powers are being used as 
fully as this exhibition, among other evidences, 
shows that they might be. 


This question suggests itself all the more because 
evidence continues to accumulate tending to show 
that the limit of the utilisation of this asset of 
production is far from having been reached. As we 
had occasion recently to point out, our visit to the 
Birmingham district showed an extensive use of 
woman power, not perhaps comparable in its variety 
to what is represented in this exhibition, but 
sufficient to confirm the belief that the exhibition 
represents regular practice and not picked or 
isolated specimens. But the use of women shown 
in these factories was no less notable for the fact 
that operations done by them in one shop were 
wholly confined to men in another, where, never- 
theless, women might be employed on other work. 
The absence of women from most tool-rooms, for 
instance, seemed difficult to explain in the face of 
some of the work they were doing in other depart- 
ments; and the Loughborough exhibit of work 
of the highest accuracy made with a tool-room of 
which all the operatives had been only a few months 
in training and by workers who were constantly 
recruited with raw and inexperienced hands to fill 
the places of those who were passing out into 
industry, is a practical proof that the exclusion of 
women from tool-rooms can in most cases be due only 
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to timid management, inexpert foremanship, or 
reasons even less tolerable. 

What we saw at Birmingham is, moreover, 
confirmed by reports that have repeatedly reached 
us from other centres and by criticisms such as 
were made at the recent meetings of the Institution 
of Mechanical Engineers. Manufacturers who have 
been, and are still, at the pains and outlay of intro- 
ducing women are discouraged when they find other 
manufacturers who decline this share of the common 
burden, and yet neither in, orders, men, or material 
seem a penny the worse. Still more trying is the 
case of those who find, as some complain, that their 
men leave them at the first opportunity in order to 
get employment with a firm engaged on Admiralty 
contracts, because the men of such firms are pro- 
tected by the Admiralty against being recruited, 
even when they are employed on work that women 
could do and are doing elsewhere. Complaints to 
this effect are made not at random but with chapter 
and verse. It is said, for instance, that in one 
great shipyard the exclusion of women is carried 
out with such ostentation that not a single woman 
appears on the pay-roll, even as a clerk or a cleaner. 
The demand, again, as we noted above, for really 
skilled electrical fitters for work that inexperienced 
hands cannot do is very acute ; yet skilled men seem 
able to find employment in many yards on work 
that women are doing wholesale in other establish- 
ments. 

Monitus multumque monendus, the Ministry of 
Munitions would add to the excellent service that 
it is doing by these exhibitions if it would procure 
the firms under its control, and the other depart- 
ments of the Government under whose wings firms 
take shelter, to live up to the standard of labour 
economy that the exhibition discloses. No one 
would wish to jeopardise any part of the output of 
munitions in order to contribute men to the Army. 
But, as Mr. Kellaway observed in opening this 
exhibition, the only ground for protecting men 
against recruitment is that they are indispensable 
and irreplaceable. There is no ground for the 
suggestion that if they are réplaceable in one shop 
on a given class of work, they are not to be replaced in 
another ; or that women can do work efficiently and 
admirably if it is destined for the use of the Army, 
but must be excluded from work which mechanically 
is exactly similar if it is done for the Admiralty. 
While distinctions such as these continue to engender 
heart-burnings among manufacturers, their whole- 
hearted co-operation in making the fullest use of 
woman labour cannot be expected; and without 
that co-operation and that complete employment 
of our fullest productive assets the Army, to adopt 
Mr. Kellaway’s expression, must be “let down” 
either in men or munitions. 





THE BRITISH GLASS INDUSTRY. 

APPARENTLY a very uniform, simple substance, 
glass is really a complex compound which has to 
undergo severe treatment before it acquires its 
valuable properties, and which subsequently marks 
its resentment of this treatment by its peculiarities. 
It is transparent, readily takes a high polish, and 
possesses considerable strength and elasticity ; 
but it may distort objects seen through it, it is 


easily overstressed, and breaks and cracks with un- | PO 


pleasantly sharp edges. Although an insulator under 
ordinary conditions, it conducts heat and electricity 
when hot. When the members of the Society of 
Glass Technology, on Wednesday, May 15, discussed 
the Future of the British Glass Industry, with 
special regard to the time just after the war, they 
gave the indifferent spectator the impression that 
they resembled in some respects their own product. 
All glass is made in a pot; but the difficulties of 
the manufacture of optical glass do not worry the 
glass-bottle maker, and the commercial interests of 
the window-glass manufacturer and of the chemical 
glass trade diverge widely. The electricity of the 
enthusiasm of some members who insisted upon 
their all pulling together, hardly communicated 
themselves to others whose aspirations would be 
satisfied with the privileges of a key-industry in a 
dump-proof Empire. While welcoming State aid 
to strengthen them against the stresses of foreign 
competition and labour claims, they resented the 
stress of Government interference. There was some 





plain speaking, which generally does good. The dis- 
cussion focussed the problems of the glass industry 
for the glass technologists and the representatives 
of numerous Government departments, present at 
the big gathering, some distorted images and views 
were corrected, and a far-going—in a sense aggres- 
sive—resolution was withdrawn as such and toned 
down into a circular, to be submitted to members 
and to be voted upon at a future meeting. 

The British glass industry has reason to put its 
house in order. The once prosperous business was 
inefficient at the outbreak of the war, and while 
the war has raised it to a stage of efficiency, 
it is feared it may break down with the con- 
clusion of the war. That the country at the 
beginning of the war hardly produced more than 
20 per cent. of the glass it wanted was less serious 
than the fact that absolutely indispensable kinds 
of glass, like chemical and scientific glass, were 
not made here at all, and could not be made at once. 
There were no furnaces, no trained hands, no raw 
materials. By united efforts those wants have been 
met. “We have in three years already beaten the 
German in some lines, though not in all lines,” 
Mr. Baird, of Messrs. Baird and Tatlow, Hatton 
Garden, E.C., said, and this at a time when the 
State made ever-increasing demands for all sorts 
of glass, not only for munition works, machinery 
and instruments, but also for common tableware, 
bottles, jugs, lighting, &c., and when the trained 
boys were called up as soon as they had become 
useful. The demand for glass would, he continued, 
grow after the war, the general industrial develop- 
ment would require more research and laboratory 
apparatus and, not to be attacked in the rear from 
abroad. The British glass industry needed foster 
parents and the care of a department such as the 
Research Department of the Ministry of Munitions. 

The fear of foreign competition seemed to be 
generally shared in the meeting. Mr. J. Connolly 
feared the low Continental wages which made 
dumping possible. Mr. 8. M. Jenkinson, of the 
Edinburgh-Leith Glass Works, admitted that the 
glass industry was not generally efficient yet. The 
glass-makers could not ask the Government to 
bolster up an inefficient industry ; but they were 
becoming efficient, and their Society of Glass, 
Technologists was unique in so far as it represented, 
in its 330 members, the united interests of employer 
and employed. 

The general policy and the measures to be adopted 
to meet the threatening critical times were out- 
lined by Mr. Wood in his opening remarks. Last 
year at Sheffield he had suggested an organisa- 
tion of the glass industry on the lines of the Indus- 
trial Councils proposed by the Whitley Parlia- 
mentary Report. Distinguishing eight sections of 
the glass trade: table and decorative glass, plate 
and window glass, optical glass, chemical and 
scientific glass, glass for lighting, pressed glass ware, 
common bottles, flint glass bottles, he would form 
a glass trade council consisting of four representa- 
tives (employers and employed) of each section, 
and add 12 independent members (six from the 
Government, and two financial men). The main 
thing was to pull together ; they would then be ina 
position to demand the necessary Government sup- 
rt. He would entrust the care of their industry to 
the Optical Research Department of the Ministry of 
Munitions, which he hoped would continue after 
the war; that department was fully acquainted 
with their needs and difficulties; he was not in 
favour of a new organisation under the Recon- 
struction Department, which had no information 
so far as to their aims. In this suggestion he 
certainly seemed to have the majority of the 
members with him. Mr. Biram, of the Ministry of 
Munitions, was quite ready to acknowledge the 
glass industry as a key or pivotal industry in the 
sense of the report of Lord Balfour of Burleigh’s 
Committee, i.c., an industry to be maintained and 
defended at all hazards and expense, also 
custom duties. Assistance was needed, Mr. Biram 
said, not only because the cost of labour was high 
over here ; but the most difficult times for labour 
were still ahead. 

As regards subvention, Sir Frank Heath, of the 
Research Committee, explained that the Govern- 
ment had set aside 1,000,000/. for the encouragement 





of science, that there were 40,0001. at the disposal 
of the glass industry, and that, while in general 
they were ready to grant 11. in aid per 11. expended, 
they were, in the case of a key industry like 
prepared to raise the grant rate to 91. But those 
grants were limited to the five to come, 
and they were subject to conditions, though those 
stipulations were not to be interpreted by the letter. 
The chief point was that the grants were to be 
delegated to the trade associations, provided the 
latter were not run for their own jobs. Glass 
technologists need not fear that the department 
desired to control industrial research ; that would 
be impossible, even if they intended it, for the work 
had already grown beyond their own power. 
Mr. McGegan stated that the Government did 
not desire to make any such organisation as the 
Whitley Council compulsory, nor was the Recon- 
struction Department to interfere with the industry 
from the manufacturer’s point of view; the latter 
department would, moreover, come to an end a 
year after the war. 

These statements did not fail to influence the 
members as to the long resolution which Mr. Jenkin- 
son had submitted at an early stage of the discus- 
sion: That the Optical Research Department of the 
Ministry of Munitions should continue to remain in 
existence after the war, and that the Optical Glass 
Ware Council be charged with the supervision of 
the industry. The resolution further called for the 
prohibition of glass imports, except by permit, 
until the industry be firmly established, in this 
country, and practically—though not in these 
words—declared that the society did not desire 
interference by the Reconstruction Department. 
Mr. Butterworth and others at once remarked that 
the resolution really embodied something like ten 
resolutions, copies of which were to be forwarded 
to all the official departments, although members 
had had no notice of what they were to vote upon, 
and the meeting wisely decided to communicate 
the resolution as a circular to all the members for 
deliberation and discussion in due course. 

The solidarity of the glass interests had been 
accentuated by various speakers, mainly also by 
the scientists, Sir Herbert Jackson (who declared 
himself to be an optimist as to the future of the 
British glass industry) and Dr. W. Rosenhain. In 
desiring that information should be placed at the 
disposal of all the workers as well as of the heads, 
these speakers drew attention to the good example 
given by the Ediswan Company which, that very 
morning, had opened all parts of their works to 
members of the society ; that was a step in the right 
direction. But upon this point, and upon the 
further question, which of the many fundamental 
industries of the country—all essential to the great 
structure and interlinked, though not in the sense 
of the proverbial single chain, which is no stronger 
than its weakest link—are to rank as key industries 
entitled to State subvention, opinions will take a 
long time yet to settle and to crystallise. 





NOTES. 


Tae Srrenots or PiaTe Sraixes. 

In a paper published in a recent issue of the 
Journal of the Franklin Institute, Messrs. D. Landau 
and P. H. Parr give the results of an investigation 
into the theory of plate springs made some years 
ago, but not then published. The theory dvadeues 
was, however, adopted in practice by one firm, and 
led, it is stated, to a very substantial increase in 
the endurance and carrying power of this type of 
spring. Ordinary leaf springs, the authors’ state, 
always fail at the shortest leaf, although the 
maximum stress is supposed by their designers to be 
the same for each leaf. In a two-leaf spring, for 
example, it has been usual to make the short leaf 
half the length of the upper leaf, and it was assumed 
that under load both leaves were equally streesed. 


by |The authors of the paper under review state that 


in actual practice the short leaf bears on the long 
leaf at its ends only. The combination is really 
statically indeterminate, and applying the usual 
methods of determining the stresses in such 
structures, it turns out that the lower leaf is much 
more heavily stressed than the upper one. In fact, 
with the lower leaf one-half as long as the upper 
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one the combination is only 1-6 times as stro’ 

as the upper leaf taken separately. A three-leaved 
spring igned on the same lines is only 2-207 
times as strong as the single, unassisted upper leaf. 
The corresponding figures for four-leaved, 10-leaved 
and 20-leaved springs are 2-817, 6-503 and 12-689, 
in place of 4, 10 and 20, as is frequently assumed. 


REINFORCED CONCRETE SHIPs. 


In the course of a paper which he read on May 9, 
before the Concrete titute, Mr. A. Alban H. 
Scott stated that the loose application of the 
term “concrete poured in” should be combated. 
To obtain the best results, concrete should be 
placed into position as dry as possible, and after the 
concrete has been so placed and sprinkled with water 
the result is a material much stronger and much 
more waterproof than a wet, sloppy mixture, or 
even a mixture which might be termed plastic ; 
for this reason one would much sooner adopt the 
method of elevating the practically dry, mixed 
material in preference to delivery by gravitation. 
In reinforced concrete, one should not look upon 
the concrete work as a plastic material that can be 
poured, but rather as a dry material that has to be 
raised to efficiency by the admixture of water in 
small doses after the dry material is in its final 
position. The centering for the outside of the boat 
can be in large units, but for the interior of the boat 
the units have to be comparatively small, as it is 
necessary that the concrete should not be “ poured ” 
from a great height. This will allow the centering 
on one side to be built up as the concrete is placed 
in position, so that efficient ramming and punning 
is ensured. Wherever possible concreting should 
be proceeded with as one complete operation, 
thus requiring day and night work with careful 
organisation. The steelwork should be ag far as 
possible completed with the outside centering to one 
side of the internal beams and frames placed in 
position before the concreting is commenced. With 
judicious arrangement of the internal strutting 
this can be achieved, and where it is necessary for 
the concrete operation to be temporarily suspended, 
special care is required and special precaution rods 
must be inserted at such junctions. It has not been 
found advisable to use neat cement grouting at 
these joints in the concrete. With the thin pro- 
tecting coat of concrete that obtains in reinforced 
concrete boat work, it is necessary, both from a 
structural and fire-resisting standpoint, to have 
the steelwork well tied in, connected double-mesh 
work where ible, and extra care taken at all 
junctions ; all arrises should be rounded or splayed. 
Property designed and erected reinforced concrete 
work has undoubted claims over unprotected steel 
construction, and in arriving at the rate for in- 
surance against fire, the underwriters ought to take 
this into account; on the other hand, however, 
with grain cargoes any effect from swelling would 
have a more serious result on reinforced concrete 
than on steel owing to the steel boat having a greater 
elasticity. 

Tae Non-Ferrovs Metat Inpustrizs. 


The smelting of non-iron metals will be under 
Government control during and for some time after 
the war, with the special purpose of securing an 
adequate supply free from enemy control. This 
involves some supervision of all mining, refining and 
trading in these metals within the kingdom, and 
the conditions of this control are defined in an Act 
of Parliament just published, the Non-Ferrous 
Metal Industries Act, 1918. As there may be a 
certain amount of similar legisiation we give an 
outline of the method of supervision. The metals 
and ores to which the Act applies are zinc, copper, 
tin, lead, nickel and aluminium; “ore” includes 
concentrates, mattes, precipitates and other inter- 
mediate products; the Board of Trade may, by 
formal Order, add any other non-ferrous metals or 
ores; manufactured metal products are not 
included unless prescribed; purchase or sale of 
metal is not included where the transactions are 
only incidental to the carrying on of a business, 
A licence is required, from August 6, 1918, to carry 
on the business of winning, extracting, smelting, 
dressing, refining or dealing wholesale in the 
or ores mentioned. The conditions of a licence are 


that the licensee is free from enemy control An 
“enemy ” is any one who is or has been a subject 
of a State at war with this country on February 6, 
1918. “Control” of a business applying for a 
licence is very elaborately defined. An “enemy” 
director, partner, manager or principal officer ; 
a company of whose capital any was held on or after 
November 12, 1917, or of whose stocks or shares 
any was the subject of a custodian order under the 
Trading with the Enemy Acts ; or a business directly 
or indirectly subject to enemy “influence or 
association ”—are excluded from holding a licence. 
Shareholders must be registered, share warrants to 
bearer are not allowed, any company may call upon 
any of its share or debenture holders to declare on 
oath the beneficial ownership. The very elabora- 
tion of these definitions reveals the awkward legal 
problems that must arise, and these may be referred 
to the High Court in the form of specific questions 
as to whether A. is an enemy or B. is under enemy 
influence, &c. Books and documents must be 
produced on the application or after the grant of a 
licence for examination by the Board of Trade for 
the purposes of the Act and the Court may decide 
whether such production has been sufficient. Two 
judges must try the issue, but there is no appeal 
from their decision. For the general carrying into 
effect of the Act the Board of Trade may make 
rules. The supervision does not extend to the 
industrial operations of a licensee: it is directed 
solely to excluding enemies from owning or con- 
trolling the capital or managing the business. The 
Act applies during the war and for five years after. 
The licence costs 21s., nominally, and runs without 
renewal, but is subject to revocation. The sooner 
application is made the better in order to find out 
and comply with the practical form in which the 
Board of Trade may state the requirements of the 
Act. The mere fact of owning some shares in an 
enemy business does not appear to disqualify for a 
licence unless it amounts to the holder being subject 
to direct or indirect enemy influence or association 
in the conduct of his business, but to this there is a 
definite exception, viz., if a company, firm or person, 
at any time after November 12, 1917, had an 
interest of one-fifth or more in any home or foreign 
undertaking in which enemies were also interested 
to the extent of one-fifth or more, disqualification 
follows. In this case “ interest” means an interest 
in the “capital profits or voting power.” The 
difficulties are that everything, however definite 
it seems at first reading, turns finally on the elements 
of influence and also that the directors of a company 
do not always know what other interests their share- 
holders may have, even a large shareholder, espe- 
cially if he takes no direct part in the management. 


MoLEecuLaR SuRFACE ENERGY. 


The molecular surface energy of liquids is one 
of the most important properties, but difficult of 
exact determination. The fundamental work on 
this subject was done by Eétvés and subsequently 
by Ramsay and Shields, and others; but the 
experiments were confined to small temperature 
ranges. Professor F. M. Jaeger, of Groningen, 
Netherlands, therefore, worked out a method 
enabling him to study the phenomena within the 
range from — 80 deg. C. up to + 1,650 deg. C. 
Having presented during recent years several com- 
munications on his researches to the Akademie Weten- 
schappen of Amsterdam, he published last November 


and delicate apparatus are required. Glass vessels 
and capillaries could only be used in some cases ; 
in the others, vessels and capillaries of platinum- 
rhodium are needed. The end of the capillary has 
a width of 0.5 mm., and its edge must be kept 
sharp; bubbles are passed through the capillary 
until the pressure, at the pressure gauge, keeps 
constant ; the growth and bursting of a bubble 
takes from 30 seconds to 50 seconds. The con- 
nection between the capillary and the other parts 
is made through several spiral tubes of platinum 
and aluminium to meet expansion effects, and 
octane, a hydrocarbon of the paraffin series, is 
introduced into the gauge to prevent corrosion of 
the mercury by the vapours. The quantities 
determined are the density d of the liquid; the 
surface tension x = r H/2, in ergs per square centi- 
metre, where r is the radius of the capillary and 
H the bursting pressure in dynes; the molecular 


surface energy p = x (M/d)? (according to Eétvés) 
where M is the molecular weight ; and the tempera- 
ture coefficient dy /dt. For normal, i.e., not- 
associated, liquids d »/d t should have the constant 
value of 2.25 ergs per degree Centigrade according 
to Van der Waals; this is only partly confirmed, 
and it would appear that the surface energy must 
partly be kinetic in nature. Walden’s rule, that 
the quotient: molecular cohesion/melting-point T, 
should be 3.65, and the quotient: molecular 
cohesion/boiling-point, should be 1.15, is found not 
to hold more than approximately either. Chemically, 
many of the results are very interesting. In a series 
of related compounds, such as alcohols, esters, &c., 
the y increases in general with the molecular weight ; 
unsaturated compounds have higher » than the 
saturated compounds; aromatic para-compounds 
have greater surface energy than meta and ortho- 
compounds; and many stereo-isomerides differ 
strongly in this respect. It is also noteworthy that 
the »/t curves of anisotropic liquid consist of two 
branches, a sharp minimum marking the point 
where the substance passes from the anisotropic 
(liquid crystal form) .into the normal liquid state. 
On the other hand, the surface tensions of alkali 
halides decrease as the atomic weights of the metals 
and of the chlorine, bromine, &c., increase, and 
there are many irregularities. 





Year-Boox or Wriretzss TELEGRAPHY AND TELE- 
pHONY.—The second issue of this important publication, 
which runs to 1,150 pages, has appeared, and it furnishes 
abundant proof of the importance and extension of 
wireless telegraphy. The text of laws and regulations 
current in different tries occupies 463 pages. The 
“Land and Ships’ Stations” section, which records 
the Call Letters and general particulars of wireless 
installations al] over the world, been made as com- 
lete as circumstances allow. Special articles eo 
rom the pens of Dr. J. Ambrose Fleming, of Dr. Balth 
van-der-Pol, and of David Sarnoff, secretary of the 
Institute of Radio Engineers, U.S.A. Dr. N. W. 
McLachlan writes on “The Magnetic Behaviour of 
Iron in Alternating Fields of io Frequency,” and 
Mr. A. R. Burrows on “ Wireless Possibilities.” The 
“useful data section” covers 150 pages and includes 
definitions of terms used in wireless, dictionary of 
technical terms, useful formule and tions, and 
many other things of much interest. volume is 
issued by the Marconi Company, at Marconi House, 
Strand, London. 








Ammonia AND AmMonzIAcAL Propvuots.— Under an 
Order of the Minister of Munitions dated May 17, no 
ammonia or ammoniacal product may be manufactured 
or supplied after June 1 except under licence. No 


icence is required, however, to manufacture (a) crude 


a full account in the Zeitschrift fiir Anorganische | ammoniacal liquor or sulphate of ammonia; (b) any 
Chemie, vol. ci, pages 1 to 124. He deals with about | other ammoniacal product pore the quantities do 


200 organic compounds of very varied constitutions, 
and some fifty inorganic compounds. In the 
case of the organic compounds he could not go 
beyond 250 deg. C. lest decomposition occur ; some 
of the inorganic salts, ¢.g., alkali borates, which are 


not exceed } ton in any mon or (c) to supply not more 
than 56 1b. of anhydrous ammonia or | ewt. of ammoniaca! 
liquor or any ammoniacal product to any " spy during 
one month. Any instructions given with a view to 
avoiding loss or waste must be complied with, and such 
returns as may be required made. ‘‘ Ammonia” means 

ammonia and ammonia in aqueous solution : 


anhydrous 
very stable, were tested up to 1,650 deg. The|‘‘ammoniacal products” means all compounds of 


methods available for his investigation,surface ten- |@mmonia and 


mixtures of preparations containing 


. . . : ° 4 ia ; da “crude iacal li ag 
sion, liquid jets (Rayleigh), oscillating drops (Lenard), ammonia an c ammoniacal liquor” means an 


capillary waves (Kelvin), capillary rise, &c., were | 5 


not suitable for extreme temperatures. Jaeger’s 


method, which he first tried when working in the 


solution of ammonia containing not more than 

r cent. of ammonia. The Order does not apply to 
te of ammonia, but under the Fertilisers Prices 
. 1918, licences are required for certain sales and 
deliveries of sulphate of ammonia, and in icular for 


“~.; ysical Laboratory of the Carnegie Institution | q}) sales of sulphate of ammonia for use ages manu- 
a facture 


ashington, is to produce a bubble of some 


of munitions of war or for other industrial 


inert gas (pure nitrogen) at the end of a capillary | Purposes. Applications in connection with the Order 


tube just dipping into the liquid, and to determine 





should be to the Ministry of Munitions, 





the bursting pressure of this bubble. Elaborate 


Department of losives Supply, Storey’s Gate, 
Westminster, We rena mar! n Fertiliser Section.’ 
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INDUSTRIAL NOTES. 


TuE Director of the Department of Labour Statistics, 
dealing with the labour market, in The Labour Gazette, 
states that in April the only industries in which there 
was any large number of workpeople employed less 
than full time were the textiles. In other trades full 
time, and in many cases a considerable amount of 
overtime, was being worked. The further with- 
drawal from industry of men for the Army has greatly 
increased the opportunities of employment for women, 
who can adapt themselves to new kinds of work. 

Trade unions with a net membership of 1,063,564, 
excluding those serving with the forces, reported 9,991 
(or 0-9 per cent.) of their members as unemployed at 
the end of April, compared with 1-2 per cent. at the 
end of March and 0-3 per cent. at the end of April, 
1917. The increase in the percentage as com 
with a year ago was almost entirely due to the cotton 
industry, in which the “unemployment” is in the 
nature of short time—the operatives affected not being 
discharged, but merely suspended in rotation for one 
week out of four or more, according to circumstances. 

Of the 3,797,223 male and female workpeople 
insured under the National Insurance Acts, 1911 to 
1916, the number unemployed at the end of April was 
36,412 (or 0-96 per cent.), compared with 1-01 per 
cent. in the previous month and 0-63 per cent. a year 
ago. For males and females separately the per- 
centages unemployed at the end of April were 0-39 
and 2-21. 

The principal increases in wages granted during 
April were a further advance of 4s. a week to railway- 
men engaged in the manipulation of traffic, making 
in all an increase over pre-war rates of 25s.; bonuses 
on earnings of 12} per cent. to time workers and 
74 per cent. to piece workers to men on munitions 
work in the building trades in England and Wales; 
and increased war wages to woollen and worsted trade 
operatives in Yorkshire varying from 10 per cent. to 
12} per cent. on the pre-war rates. Numerous increases 
were also made in hourly rates of wages in the building 
trades, including a general advance of 1jd. per hour 
(subject to a maximum war increase of 5d. per hour) 
for various occupations in a large number of districts 
in Scotland. 

The number of disputes beginning in April was 57, 
and the total number of workpeople involved in all 
disputes in progress was 19,100 as compared with 
46,900 in the previous month and 25,500 in April, 


1917. The estimated total aggregate duration of all} 4 


disputes during the month was 128,300 days as com- 
pared with 276,200 days in March 1918 and 82,900 
days in April 1917. 





The Commonwealth statistician states that the 444 
strikes in Australia last year affected 1,941 establish- 
ments representing 173,970 workpeople, who had 
4,689,316 workless days and a loss of 2,641,7531. in 
wages. Industrial disputes in New South Wales 
totalled 296 in Victoria 52. 

Professor Murdoch, of Sydney University, thinks 
it likely that large numbers of young Japanese who 
went abroad, mainly to America, to study trade, will 
now be attracted to Australia. 





The arrangements for our supply of zinc during 
and after the war are explained in a recent official 
report. The State agrees to take a minimum of 100,000 
tons per year of Australian concentrates, with an option 
on 50,000 tons more, and to provide capital for the erec- 
tion of two zinc-smelting works in this country. The 
State also agrees to advance capital for smelting worksin 
Australia and to buy the zine product up to a maximum 
of 45,000 tons per year for 10 years. A supply of 
Burmese concentrates is also secured, to be smelted in 
the British works. The companies controlling the 
Australian and British works are to repay the capital 
advanced by the State within a prescribed time. The 
British company is bound to purchase zinc ores mined 
in this country, on reasonable terms. 





According to the report of the Committee on 
Industrial Policy, fine limit and screw gauges were 
made in this country before the war by the firms 
using them and were manufactured for general sale 
by “one small firm” only. The principal manu- 
facturing country was the United States and the 
sécond Germany. The firm referred to is by no 
means a small 6ne, and turned out first-class work. 
That-the gauges made by firms for their own use were, 
generally, fully adequate in quality is proved by the 
fact that in all branches where we had a trade the work 
produced was unexcelled in the world market. The 
committee make no proposal on this matter except 
that the State should in future “take steps to secure 
the: maintenance of an. adequate supply’ and provide 
a steck.of special types for war work, . 


The suggested stéd duties and. powses - of; the Special, 
Industries rd, proposed to be set up after the. war, 





should receive careful attention from engineering firms. 
The Board is to be permanent, with a staff of officials 
and technical experts. It is to watch the course of 
industrial development and frame schemes for assisti 
industries producing “commodities of the special 
character”’ known as “ key or pivotal,” the examples 
cited being synthetic dyes and spelter. No State 
grants or subsidies are to be given to any industry 
except on the recommendation of the Board. 
Where State assistance 2 is given the 
Board is to see that the production of the favoured 
commodities is adequate in quantity and reasonable 
in price; and, for these purposes, it is to have 

wers of inspection and the right to examine manu- 
tener books and cost accounts. It is also 
proposed that the Board should have power to deal 
with labour conditions and enforce its “ decisions.” 
Any article deemed “ essential for national safety” 
may be included in its scope. 





The effect of machinery in cheapening the production 
of bread has created a problem for the Committee of 
the House of Commons which investigates and criticises 
expenditure. The food control scheme secures to 
all bakers, large or small, the same quality of flour 
(and other matter of which bread is now made) at the 
same price—a price nicely calculated to give every 
baker a fair profit on the sale of his bread at 9d. per 
4-lb. loaf. In the result, however, the small bakeries 
can hardly afford to sell at 9d. while the “highly 
efficient bakeries’? make profits so large that the 
committee regard them as excessive. It appears from 
the report that the cost of ing bread in the small 
bakeries is 25s. per sack of flour, and in the large 
mechanical bakeries 10s. per sack of flour. In other 
terms the committee state the baking cost as 3d. and 
13d. respectively per 4-Ib. loaf. It is also stated that 
“ four-fifths of the bread is made by one-tenth of the 
bakers ’’—presumably bakery owners and not working 
bakers are meant. The proportions indicate that a 
highly efficient mechanical bakery has an output equal 
to at least 40 average bakeries of the small class. 
Making full allowance therefore it would pay to erect 
a mechanical bakery in any area in which fan are now 
from 40 to 100 small bakeries. A greater centralisation 
of production seems to pay better, as many large firms 
can spend 4d. per loaf on distribution by bread vans 
and still make a good profit. The committee suggests 
that the price of flour be raised 5s. per sack, but this 
would only increase the hardship of the small baker. 


is there dealt with by supplying pig-iron at a cheaper 
rate to mills with antiquated plant. In that case 
the Government wanted the old plant set to work and 
decided to pay an indirect bonus. What flour is to 
bread, so pig-iron is to steel. If any kind of inferior 
machinery must be used the best way is to treat the 
matter frankly by appraising the difference and paying 
for it in hard cash. 

Writing to The Times in reference to the shortening 
of working hours generally, Mr. J. Fletcher Toomer, 
M.Inst.C.E., says that he was the engineer in charge 
of the construction of the 6}-mile tunnel for the 
drainage of the Valley of Mexico, where it was of vital 
importance for ventilation and drainage reasons that 
the bottom heading should be driven through in the 
shortest possible time. The Mexican 12-hour shift was 
reduced to 8 hours, and that again to 6 hours, which 
eventually was reduced to 4 hours, which was main- 
tained until the heading was finished. The following 


statement will show the advantages gained in the | 


reduction of working hours from 8 to 4 and a six-day 
week :— 


Average 
Number of 
Hours Lineal Metres 
Worked in Average Cost Driven each 
each Shift. per Metre. Week. 
dols. 

& ove ove 41-75 36 
OS - ese oon 41-52 50 
4 oon ebe 39-57 70 


A point of the greatest interest centres in the fact 
that, although the number of metres driven by each 
man in each week was practically the same in the 
8-hour shifts as in the 4-hour shifts, the men on the 
4-hour shifts accomplished the work in half the time 
employed by those in the 8-hour shifts, thus doubling 
the total amount of metres driven in the week without 
increasing the cost of driving—in fact, slightly decreas- 
ing it. was always a rush of workmen asking to 
be allowed to work on the 4-hour shifts. Naturally, 
with the shortening of the time of the completion of 
the heading there was an enormous saving in standing 
charges, such as general expense, pum , winding, 
Many ap -. Mr. hte - it to 

that he is not oeenting t! working shifts should 
be reduced to 4 hours. work above-mentioned was 


of the heaviest kind, carried out under the exceptionally | He 
ttying circumstances of wet and cold. — ‘ 


ples to 
ing | adopted in carrying out the Welfare and Health Wor 


similar problem has arisen in the rolling mills and | ga 


The Minister of Munitions has appointed a com- 
mittee with the following terms of reference ;—“ 
advise the Minister upon the general princi 


of the Ministry and to report to the Minister in all 
matters connected with the same, which may be 
teferred to them by him from time to time.” The 
secretary to the Committee is Mr. R. H. Crooke, 53, 
Parliament-street, S.W, 1, to whom all communications 
on the subject should be addressed. 





THE ROYAL METEOROLOGICAL SOCIETY. 
THE usual monthly meeting of this society was held 
on Wednesday, the 15th inst., at the Society Rooms, 
70, Victoria-street, Westminster, Sir Napier Shaw, 
F.R.8., president, in the chair. Mr. ©. E. P. Brogks, 
M.Sc., read a paper entitled “ Conti ity and Tempera- 
ture. Si Paper.” The first part of this paper deals 
with the variation with latitude of the coefficients which 
ive the influence of land on temperature. Land east, 
and west and ice are considered separately, and it is 
found that in the tropics the coefficients are uniformly 
small. In the temperate regions in winter the effect 
of land to the east is also small, but land to the west has 
a well-marked effect in lowering temperature; this 
effect increases towards the poles. In summer, land 
both east and west increases temperature. In the 
second part the temperatures of land and water hemi- 
spheres are calcula: The distribution of land and sea 
at the beginning of the Great Ice Age is then recon- 
structed from geological data, and on applying the 
formule calculated in the first part to ti changed 
distribution, it is found that the temperature must have 
been lower than the present in different districts by 
various amounts up to 20 deg. C. in January and 
15 deg. C. in July. These changes agree very closely 
with those required by geologists and palaeontologists, 
and it is further prov a he glacial period was a 
necessary consequence of the geographical ’ 
Finally, a theory of climatic evolution is outlined tn 
eunelianss with these ideas and the theory of isostasy. 
The Report on the Phenological Observations in the 
British Isles during 1917 was presented by Mr. J. Edmund 
Clark and Mr. H. B. Adames. The persistent winter, 
hardly broken over 44 months from early December, 
dominated seasonal conditions. December to April 
averaged, in England 8.W., a deficiency of 4-8 des: F., 
from which it ranged to — 1-2 deg. F.in Scotland N. In 
the southern half of our islands the 125 days to mid-April 
were cold almost beyond precedent in the previous 
100 years, farm and garden prospects being therefore of 
the gloomiest. Yet by the end of spring there was a 
complete change; England, the chief sufferer, having 
an excess of 3-5 deg. Absence of keen wind and frosts 
favoured the belated blossoming, and by June flowering 
tes were normal, although the early spring flowers, 
anemone and blackthorn, had been 20 days and 24 days 
late. From the time of the dog rose on, dates were 
actually early. a the chief practical result of 
the cold was indirect, the heavy destruction of bird life 
favouring tree blight and caterpillars, the ova of which 
were preserved the unbroken cold. In many parts 
the latter stri fruit trees and ruined garden greens 
So, too, the tler caterpillar plague in Derbyshire 
was ascribed mainly to the scarcity of rooks. On the 
other hand, berries and other fruits suffered little from 
birds. Other summer broods than garden white grubs 
were also favoured, especially V: idee, including such 
rarer forms as the Comma and White Admiral. From 
late July into hy pew the — harvest : 
were much ma by rain, wind and lack of sun. Fi 
results were better than 1916, although grain oc 
fell some 5 per cent. below the ten-year average in 
England, rising, however, above clsewhere. As to roots, 
a@ warm, dry November more than made up for the cold, 
wet October, whilst potatoes gave a record c with 
8,600,000 tons off 1,364,000 acres, compa: with 
5,468,000 tons off 1,134,400 in 1916. Tree fruits, too, 
ve excellent returns, the A t gales proving preju- 
dicialto apples only. Finally, November gree cipiendié 
‘send-off for the coming year in the oa“yenaty favoured 
winter earring of the grain crops. is, our president, 
Sir Napier » has shown may be coun as half 
the battle in the p ts for successful harvesting 
Table V of the report the yearly floral means for 
the five chief districts from 1891. That year alone was, 
later than 1917, namely 9-6 days, inst 7-6 after the 
‘mean flowering date y, 17-4. irds and insects, 
in Table VI, confirm the lateness of 1917, aroraging 
6 days and 12 days behind, whilst Table VII, of 24 
migrants, shows nearly 10 days’ lag behind a twenty- 
year mean, 1877-96. We may, indeed, be thankful 
that farm and garden produce came out so much ahead 
of our fears. 





Frrro-Concrete Motor Boat.—The first 1,000-tons 
deadweight concrete motor boat was launched at 
me ere age a eg Dock - yard, Greaaker, near 
Fredriksstad, Norway, on May 8. This is the first 
concrete boat in the world classed for oversea trade, 
besides being the nape concrete boat built in Europe 
to the present day. is classed: “I.A.I. Betonlagter 
E tal for coal and timber” in the 
ee gs Veritas. r ae - as ae : 

, between pe . \e .; Breadth,- 
canleding fenders, 31 ft. 10 in.; 18 ft.. Her. 
g capacity is about 1,000 tons . Bhe 
has four watertight bulkheads 
hatches (26 ft. by 13 ft.). 





crew, &c., is placed in the poop and in the ferecastle. 
r main machinery consists of two Bolinder niotors 
of 160 h:p. each: SS ace 


—— 
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REFRACTORY MATERIALS SECTION OF 
THE CERAMIC SOCIETY. 


Tuts important branch of the society held its fourth 
meeting on May 14 and 15, when a large gathering 


of members from all the chief industrial districts of | 


the kingdom assembled at the University of Sheffield. 
The president, Mr. W. J. Jones, Deputy-Controller of 
Iron and Steel Production (Ministry of Munitions), 
occupied the chair. 

The first paper was by Professor Fearnsides, on 
‘Native Supplies of Refractory Materials Available 
in the Sheffield District.’’ This was a useful summary 
account of the local sources of valuable refractory 
materials, and included a survey of mineral substances 
derived from the carboniferous series down to glacial 
and post-glacial drift deposits, with special reference 
to the famous Sheffield ganister and associated fireclays, 
and the 25 miles outcrop of magnesian limestone (which 
rock contains over 95 per cent. of the mineral dolomite) 
at present worked only at Steetly, near Worksop. 

Mr. J. Holland’s historical ‘‘ Notes on the Evolution 
of the Ganister Industry in the Sheffield District ” 
followed, and related that the ganister was at first 
obtained from outcrops for use as road metal, and that 
later on road scrapings of such material was used for 
lining the holes of the crucible furnaces. Huntsman 
is believed to have been the first to use ganister in this 
way, some time between 1742 and 1772. Its use 
gradually extended in the steel trade until eventually 
mining had to be resorted to in order to furnish the 
necessary supplies. The first to manufacture ground 
ganister was Joseph Bramall, senior, of Oughtibridge, 
who, in order to imitate as closely as possible the road 
scrapings hitherto used, added to the ganister rock 
in his grinding mill a small proportion of fireclay and 
horse-droppings. It was the introduction of the 
Bessemer converter in 1856 which quickly developed 
the use of ground ganister. 

Next came two papers by Dr. A. Scott on “ The 
Constitution of Silica Bricks,” and “ A Micro-Study of 
Magnesite Bricks.’ The former opened with a dis- 
cussion of the chemical and microscopic characters of 
the various rocks used in the manufacture of silica 
bricks. In Germany the chief rock is composed of 
quartz crystals set in an amorphous or cryptocrystalline 
silicious cement; in America, France and Sweden, 
quartzites are used ; in this country ganister and other 
indurated silica rocks. One of the chief points is the 
rate at which the quartz can be converted by heat into 
the high-temperature forms, and this depends on various 
factors—grain size, amount and distribution of cement- 
ing material and nature of added bond. Quantitative 
measurements of amounts of unaltered quartz in 
various bricks as sold were given, the greatest degree 
of conversion being in the American bricks. The 
course of the conversion was discussed, the quartz 
being dissolved in the calcium silicate matrix and the 
silica reprecipitated as cristobalite. The microscopic 
appearance of various products used was described 
and the reaction between the iron oxides and the silica 
determined. Bricks from the ports of furnacesshowed 
large development of fayalite, while in roof bricks 
the iron is mainly in the form of oxides. 

In his paper on Magnesite Bricks, Dr. Scott referred 
to the description of bricks by Cornu. So far, two 
types of crystallisation of magnesia have been observed, 
one in which periclase forms a reticulate mass of 
polygonal crystals with inclusions of the spinel mineral 
magnesioferrite. Locally other ———— form acrystal- 
line or glassy matrix, as in the other type of crystallisa- 
tion. In the second type the periclase is in the form 
of rounded anhedral grains set in a matrix generally 
crystalline, but occasionally glassy. In the former, 
various minerals develop forsterite, monticellite, and 
an unidentified mineral resembling quartz but with 
lower refractive index. The increase in grain size 
with prolonged heating and consequent contraction 
was also discussed, as well as the question of the 
existence of magnesia in more than one form. 

The last morning paper was by Mr. Alleyne Reynolds, 
on “ The Essential Properties of Refractories used in 
Steel Production.” This is a long paper, with 
appendices which altogether approximate to the length 
ol the paper itself, and, unfortunately for the chances 
of discussion, these appendices (which Mr. Reynolds 
considers indispensable as affording proofs of his 
arguments) could not be printed in time. The author's 
contentions are largely based on Dr. J. E. Stead’s 
elucidation of the nature of the Bessemer process, in 
which the carbon itself of the pig-iron mainly serves as 


the fuel, and he considers that the proper sequence of 
separate stages of steel refinement must be the sequence 
po org oe in ~~ converter. The order of 
oxidation at low tem ico-manganese, 
silico-iron, car phosphorus. temperatures 
silico-iron is not only not attacked, but is actually 








merely requires high temperature, and is independent 
of the phosphorus reaction. Mass action of course 
has some influence. Thus the fourth process which 
the author insists on must be a treatment by silico- 
manganese. 

The author maintains that whenever steel is pro- 
duced low in oxygen content it is always due to the 
action of silico-manganese, either added or in the 
nascent state, and states that the best steel-makers 
add silico-manganese, instead of awaiting its formation 
from silicide of iron and carbide of manganese. Mr. 
Reynolds intimates that what is imperatively 
necessary is that in the final treatment of steel it 
shall not come in contact with acid material at all, 
because silica has an oxidising action on the iron. 
What is urgently required is a chemically inactive 
neutral material, and he suggests the possible pro- 
duction of neutral silicates of alumina as being likely 
to meet the case, or that silicate of magnesia (if it can 
be formed) would probably be an ideal material for the 
purpose. 

Subsequent papers included the following :— 

“Silica Products. I. Raw Materials,” by Dr. A. 
Bigot. 

“* On the New Refractory and Abrasive Matter called 
Corindite,”’ by Dr. A. Bigot. 

“*An Advance towards Greater Economy of Fuel 
and Increased Output in the Deadburning of Magnesite 
and Dolomite and the Burning of Cement,” by Mr. E. 
Steiger. We shall publish this paper in a future issue. 

** The Dissociation of Salt,” by Mr. H. V. Thompson. 

“Refractories in Gas Works from a User’s Point 
of View,” by Mr. J. P. Leather. 

“The Standardisation of Tests for Refractory 
Materials (Part 1),”” presented as a report of the Special 
Committee, by Dr. J. W. Mellor, hon. secretary. 

With reference to the “Standardisation Tests for 
Refractory Materials,” the report: was received with 
general approval, subject to some criticism that certain 
tests were not adapted for use in works’ laboratories. 
As Dr. Mellor pointed out, tests which answer very 
well for works’ laboratories are not always adaptable 
for standard tests. In a later report it is intended 
to deal with such subjects as corrosive action by slags, 
&c. Refractory linings for electric furnaces will also 
need much attention for future developments. 

“Note on Electric Furnace Treatment of Refrac- 
tories,” by Dr. R. 8. Hutton. 

““A Note on a Firebrick from the Crown of an 
Electric Steel Furnace,” by Mr. W. J. Rees, 

In connection with the above meeting an evening 
lecture on “Science and the Practical Man” was 
delivered by Mr. Cosmo Johns, of which the following 
is an abstract :— 

Never before have people been so intensely occupied 
in applying science to destructive and constructive 
a. Great departments of the state are now 
ully awake to the value of scientific methods. Technical 
societies never flourished as they do now. Practical men 
have heard of the virtues of science, and show all the 
enthusiasm of new converts. That is why the subject 
was selected. 

The ability to make tests or use measuring instru- 
ments is not necessarily science. A youth can soon be 
taught to take accurate measurements of kiln tempera- 
tures, or read gauges, or carry out routine analyses, 
but all this would not make him a scientist. Science 
is the search for truth; it seeks an explanation of 
operations in the world of material things. Its 
impelling motive is the love of knowledge, the joy of 
discovery, and the approbation of the few who are 
competent to judge. 

Discoveries are stated as laws, rules or principles. 
The laws of science are the milestones marking the 
— of mankind from savagery to civilisation. 

here is but one science-—pure science. Technology, 
sometimes erroneously called applied science, is simply 
the application of pure science to industry. 

As a people we are rich in original discoveries in 
pure science, but we are weak in the applications of 
science to industry. A new law is always discovered 
long before any industrial application is found for it. 
Usually there is a long interval between a discovery 
and its interpretation, and another between that and 
its application. 

Agriculture is the most important industry in any 
country. The monk Mendel, about 1866 to 1869, 
by cultural experiments, discovered the law known 
by his name, that the characters of plants can be 
crossed in accordance with a definite law. It attracted 
no attention until 1896, when it received notice, and in 
1900 the subject was taken in hand at Cambridge 
University. 1914, through the application of 
Mendel’s law, the east of England has been made green 
with the products. 

Mining naturally comes next to agriculture as an 
ind . Haines, in 1860, o the effects of 
oily in contact with certain substences. 
Carrie Everson, in 1886, patented a for 
ofl and water so as to @ froth by 2 





valuable minerals could be floated up from poor ores 

or refuse material, but it achieved no commercial 

success. In 1900, mining men adopted this flotation 

for separating valuable materials from refuse 

eaps, &c., all the essentials of the process appearing 
in Carrie Everson’s patent. 

Next to mining comes metall Willard Gibbs, 
in 1876, worked out and published his phase rule, but 
no attention was paid to it. In 1896 to 1900 it was 
brought to light again, and at the present time it is 
the foundation of all our studies. The same kind of 
sequence occurred in several other instances which 
were related. 

Though not usually so regarded, the encouragement 
of pure science is the most remunerative investment 
for any nation. 

The practical man has been stated to be one who 
practises the errors of his predecessors. Though 
largely true, it is like most witty sayings only partly 
true. It should not be forgotten that the practical 
man pierced mountains, bored under rivers, bridged 
estuaries, harnessed waterfalls, built railways, sent 
wireless messages, banished malaria, &c. tween 
the worker in pure science and the really practical man 
there is a kinship, They work on parallel lines, one 
extending knowledge, the other extending its applica- 
tion, and their efforts are co-ordinated by interpreters 
of science. These latter should be men who work 
in research laboratories, and should have a sound 
training in the principles of pure science. 

Science is but organised commonsense; collecting 
facts, making careful observations, &c. It can only 
be applied when science is known. The mere technical 
training suffices for routine work, but for new and 
strange problems a knowledge of the principles of 
science is necessary, and the ability to apply them in 
industry. 

The course taken at the Imperial College of Science 
and Technology is an example of the kind of training 
which meets the conditions indicated. On entrance, 
a high standard is exacted, two years are devoted to 
pure science, and two more years to technological 
studies. After such a training, a person engaged in a 
laboratory would be a research worker, and might be 
called a chemist, physicist or metallurgist, as the case 
may be. He manipulates his apparatus personally, 
is in touch with the progress of pure science, and bridges 
the gap between science and its application. If he 
goes into the works he has to deal with the common 
materials of construction, and to direct manual labour ; 
he is then an engineer—chemical, metallurgical, civil, 
mechanical or electrical—for the special function of an 
engineer is to direct natural forces to the service of 
man. 

After the war, the nations will be faced with the task 
of the replenishment of an impoverished earth. Those 
peoples who can effectively bring into close relationship 
science and the practical man will succeed in the 
industrial struggle which is sure to come. 

In an after-dinner speech the president (Mr. W,. J. 
Jones) referred to the enormous extension of home 
supplies of refractory materials since the commence- 
ment of the war, and mentioned that the present 
average output of refractories for munition purposes 
alone represents 200,000 tons per month, or at the rate 
of 720,000,000 bricks per annum. In the case of silica 
bricks the output had been increased from 7,500,000 
to between 11,000,000 and 12,000,000 per month, and 
for many months there has been no shortage anywhere. 
As regards magnesite bricks for lining basic steel 
furnaces the present position was also pronounced to 
be safe, with larger stocks of magnesite bricks and 
raw material than ever before, in spite of a great 
increase inthedemand. The quality, too, of magnesite 
bricks is continually improving. The present output 
averages 500,000 per month, and there is no likelihood 
of British industries ever again being dependent on 
supplies from enemy sources. 

The president uttered a warning as regards methods 
of manufacture, pointing out that improvements will 
have to be made if our manufacturers desire to maintain 
their place in the industry under normal competitive 
conditions. This applies to the exercise of more care 
in selecting the materials, in washing to remove foreign 
matter, in the grinding, addition of bond, mixing 
(often uneven), texture of bricks (too varied), moulding, 
setting and burning. 

At the business meeting held on Wednesday morning 
it was announced that the next meeting of the Re- 
fractory Materials Section would be held at Swansea 
trough in the spring vot 1919. Tt wea also mentioned 

in i . It was mentio 
that the i fixed the subscription for 1918 
at 25s. for ordinary members and 2 guineas for firms. 

It may be added that Wednesday afternoon = 
to 
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THE STABILITY .OF AEROPLANES. 
To THe Eprror or ENGINEERING. 

Sm,—Our attention has been fixed by an article 
“Stability of Aeroplanes” by Mr. H. A. Webb, in your 
issue of May 3, wherein the author seeks to overcome the 
mathematical difficulties of moving axes of reference 
by referring the motion of the aeroplane to fixed axes. 
One cannot help feeling that the student who would 
be overcome by the mathematical difficulties of moving 
axes would quite willingly accept the final stability 
equation without qualms, whereas the more inquiring 
mind which demanded an understanding of how these 
were arrived at would certainly not be satisfied with 
Mr. Webb’s demonstration. Most students of stability 
have carried through the investigation from the point of 
view of final axes as far as possible, but the troubles 
do not exist where Mr. Webb imagines them. Essentially 
these lie in the fact that the moments of inertia, &., 
of the machine are changing with reference to axes fixed 
in space, a fact to which Mr. Webb makes not even a 
passing reference. That jhe dynamics is thoroughly 
unsound is evident from equations (6) and (7), from 
which it appears that the equations of motion with 
reference to fixed axes are identical with those for moving 

axes! This is in itself the “‘ reductio ad absurdum.” 
Yours faithfully, 
W. L. Cowtzy, 


H. Levy. 
The National Physical Laboratory, Teddington, 
Middlesex, May 10, 1918. 
{We forwarded a proof of this letterto Mr. H. A. Webb, 
who has sent us the following reply.—Eb. E.] 





To rae Eprror or ENGINEERING. 
Srmr,—Thanks for your courtesy in sending me a copy 
of a letter from Mr. W. L. Cowley and . H. Levy, 
dated May 10, criticising my article “Stability of Aero- 
planes,” in your issue of May 3; and for giving me the 
opportunity of reply. I will deal in reverse order with 
the points raised. 


y critics state: ‘‘that the dynamics is thoroughly |* 


unsound is evident from equations (6) and (7), from 
which it appears that the equations of motion with 
reference to axes are identical with those for 
moving axes! This is in itself a reductio ad absurdum.” 
On the contrary, it is perfectly true ! 

The identity of the equations may be seen by mathe- 
matical readers who will differentiate equation (3) 

ge 143, Bairstow, loc. cit.* They will find that, in 

irstow’s notation, to the order of small quantities 
considered, not only do 


P=%q=9r=-y, 
but also : ay: Ja See 

P=%q9= 9,r=y, 
¢, O-and y being referred to fixed axes; and p, q and ¢ 
to moving axes. So much for the reductio ad absurdum. 
Further, I think this is not a fluke, but a particular case 
of the following general theorem, which I believe to be 
true, and of some physical interest. When a rigid body, 
moving in a straight line with uniform velocity and 
without rotation, under any forces, is slightly disturbed, 
the approximate equations of disturbed motion will be 
the same, whether axes fixed in the body, with the 
origin at the centre of gravity, are used, or axes fixed 
in space; provided that, in the steady motion, these 
sets of axes are parallel to each other, and also parallel 
to, or coincident with, the principal axes of inertia of the 


To come to the next point. My critics state that 
“‘ essentially the troubles lie in the fact that the moments 
of inertia, &c., of the machine are changing with reference 
to axes fixed in space, a fact to which Mr. Webb does 
not even make a passing reference.” I made no reference 
to this fact because no troubles arise from it, to the order 
of small quantities considered, provided that in steady 
motion (a) there is no rotation and (6) the fixed axes used 
are —_ to the principal axes of the body ; on both 

f which points I inserted a warning (§§2 and 5). Linvite 
my critics to exercise their physical insight by trying to 
discover why such troubles vanish under the conditions 
(a) and (6), 

Finally, not 10 per cent. of technical students (for 
whom primarily, as stated in §1, the article was written) 
ate reasonably conversant with moving axes methods. 
This statement may surprise my critics, but I make it 
after ten years’ experience of teaching. If they doubt 
it, perhaps they will make inquiries among professors 
of engineering. Now then, let me grant for the moment, 
just for the sake of argument, that my proof is as shak 
as = think, and that its only merits are that it is 
simple and plausible and gets the answer right. Well, 
I maintain the student would rather have a slipshod 
proof than none at all, and I will prove this by taking a 
parallel case. The ordinary theory of bending, when 
nS get thane 0 Leas gees aves 
(that plane sections remain plane) far less defensible than 
my stability proof. The correct mathematical a 
bending, due to St. Venant, has been known for a 
century ; yet the ordinary proof is in all the text-books. 


My critics “cannot help feeling’ that about ninety per 


cent. of students, finding St. Venant’s proof too hard for | standa 
them, would ise the to 


text-book proof and er 
scope their bending formiln without aay a od 


On the contrary. all learn the text- proof, 
What have my critics to say to that ? 

To. sum up: I have the highest admiration for the 
genius » who first the tions 
stability; the pioneer chooses his own t 





Y | British equivalents beginning at a milligramme and a 






























































now & is wanted that emphasises the points of 
physical importance, and not the points of mathematical 
importance; and that is so simple that the technical 
reader can visualise each step physically, and see 
@ prior’ that it is probably true. I claim to have 
supplied that proof. 


GERMAN LIGNITE-ELECTRIC GENERATING 
STATION. 


WE read in the Revue Générale de I’ Electricité, Paris 
that the Allgemeine Elektricitéts Gesellschaft put down 
before the war, at Bitterfeld, close to important lignite 
deposits, a large electric generating station, the power 
of which was to reach 140,000 h.p. The current was 
to be transmitted to Berlin. en the war so un- 
expectedly broke out, says Hlektroindustrie, Zurich, from 
which journal our Paris contemporary has taken the 
present information, this generating station was found 
a most useful enterprise; the State purchased the 
current and utilised it in large elesteceheunieal works 
which were rapidly put down. It was stated that the 
A.E.G. sold the current at the rate of 0-9 pfennig 
(0-108d.) per kilowatt-hour; the statement was also 
made that power stations which utilised lignite could 
generate current as — y= 4 as the Swiss hydro-electric 
plants. It was found later, however, that for the 
concern to pay, the current should be sold at 1-5 pfenni, 
(0-18d.) per kilowatt-hour at the switchboard; an 
although the State works later increased the price they 
paid for current, the A.E.G. were the losers. 

Owing to the heavy outlay incurred by the construction 
of this generating station, the A.E.G. company was 
obliged last spring to increase its capital, and the director, 
Mr. Rathenau, had to confess at the general meeting that 
the hopes which had been upon a power station, 
utilising lignite as fuel, did not allcome true, adding that 
the experience gained at Bitterfeld showed that for the 
electrochemical industry the required current should be 
obtained from fe gp power stations. 

The author of the article in the Swiss journal was 
able to ascertain that notwithstanding the improved 
mechanical appliances used for extracting the lignite, 
a large amount of labour was necessary. removal, 
first, of a layer of earth about 12 ft. in thickness appeared 
to him to be a particularly costly undertaking. At 

resent, war prisoners were mostly at work, but when 
in normal times these men are replaced by ordinary 
labour, the getting of the — and its carriage to the 
station will be very costly. maintenance of the large 
boilers also leads to a heavy TT It is doubtful 
whether the, current can be obtained at a' price below 
1 pfonnig (0-12d.) per kilowatt-hour. 
ince the Bitterfeld plant of the A.E.G. sold to the 
State the greater of the current generated (a total 
of 300,000,000 kw.-hours last year), it was to be expected 
that the State should finally purch the plant. The 
purchase was completed recently. The price of the 
stavion was about 28,000,000 marks, that of the land 
and lignite deposits 6,000,000 marks, whilst that of the 
mining installations was also about 6,000,000 marks. 
The State now works the station in the form of a company 
with share capital. 


Yours faithfully, 
i. A. WEBB. 
Southcote, Blackwater, Hants, May 14, 1918. 





THE DEFINITION OF HARDNESS. 
To THe Eprror or ENGINEERING. 

Sm,—Permit me a small s in your journal relative 
to Professor Unwin’s article on “The Definition of 

rdness,” in its current issue. 

Whatever may be submitted as a definition of hardness, 
the methods of determining it are. purely arbitrary and 
relative. While holding this opinion, I might mention 
that I am not a mineralogist ! 

In Brinnell’s method the figures 3,000 kg. for the load 
and 10 mm. for the radius of the ball are purely arbitrary. 
I have never been given a satisfactory reason for these 
figures. Further, the indentation varies with the load, 
using the same ball. The very formula given by Brinnell 
is mathematically erroneous. 


If P = Load applied, 
h = depth of indentation, 
A = area of indentation, 
Then H = PA/A. (Martell’s deduction.) 


The method of Shore by his scleroscope is also arbitrary 
and relative; as is the “autopunch” method of Mr. 
Heathcoate. 

So far as my experience carries me, no method has 
yet been brought before my notice that can be termed 
anything but “arbitrary and relative.” 

Of all the common methods of determination of 
hardness the Shore scleroscope method, although relative 
“n its results, is quite obvious in its working. 

Yours faithfully, 
Joserx SHIBKO. 
39, Newton-road, Sparkhill, Birmingham, 
May 18, 1918. 





THe ANALYsIS OF ALUMINIUM ALLOYS.—Rapid 
analyses of aluminium alloys are now much in demand. 
Reading a paper on the subject before the Nottingham 
Section of the Society of Chemical Industry (see Journal 
of the Society, April 15, page 91, T.) Messrs. B. Collitt 
and W. Regan stated that they agreed in the whole 
with the recommendations made last year by Mr. J. H. 
Stansbie, namely: (1)to open out the alloys with a 
solution of caustic soda, (2) that in that case practically 
all the zinc and aluminium would be in the filtrate, 
while copper, iron, nickel, or magnesium and all the 
manganese (except a trace) would be found on the filter ; 
(3) that a small amount of aluminium would also remain 
on the filter, so that the iron could not be precipitated 
by ammonia. They distinguished, for ytical pur- 
poses, alloys containing between 10 per cent. and af pee 
of copper (with or without , 1 per cent.); 
alloys containing 10 per cent. and 2 r cent. of zinc, up 
to 5 per cent. of copper, and small amounts of one or 
more other metals (Fe, Ni, Mn, Mg); alloys with up to 
5 per cent. of copper and amounts up to 2.5 per cent. of | with the General Electric Company, the Electrical 
the other metals, including zinc; lead and tin were ineering wag any am of the Massachusetts Institute 
absent in the alloys they had dealt with. They did not |of Technology been conducting measurements on 
make use of gravimetric (density determination), -| the increase in the resistance of = r bars—such as 
netic and electrolytic methods (though the latter would | used behind the low-tension switc rds of central 
be convenient for zinc) ; iron they estimated volumetric. | stations supplying light and power—which these bars 
ally with the aid of stannous chloride; silicon was | undergo when they carry alternating currents of fre- 
always tested for, but a convenient direct method for | quences up to 60 cycles per second instead of continuous 
determining aluminium does not exist yet. currents. The bars were supp ied in lengths of 6 m. of a 

cross-section of 102 mm. by 6-35 mm. (4 in. by } in. = 
1 sq. in.), and the experiments were made on rectangular 
loops, formed by joining the bars with the aid of non- 
magnetic metallic clamps. The distance between the 
going and returning sides of the loop, 17-8 m. in length, 
was first kept at em. At 20 . O. the 36 m. of 
bar and of connection had a resistance of 955 microhms, 
and this very low resistance caused difficulty in the 
measurements. It took months before three different 
methods applied gave concordant results with alternating 
currents ranging from 100 amperes up to 350 amperes. 
The final results were: With 60-8 cycles at 29 deg. C. 
the resistance ratio was R1./R = 1-3, with 24 cycles at the 
same temperature it was 1-1. That is to say, the resist- 
ance of the alternating currents Ri was, at 60 cycles, 
about 30 per cent. higher than with continuous currents 
R, and at 24 cycles 10 per cent. ngs, This increase 
was largely due to the effect and not to the ordinary 
skin effect ; the edge effect is, of course, only a particular 
aspect of the skin effect. Alternating currents are 
crowded near the surface and edges, but at the higher 
frequency of 60 cycles the skin effect would only account 
for a resistance rise of 13 per cent. ; that increase would 
have been observed if the bars of 1 sq. in. section had 
been replaced by circular copper rods at 25 deg. C.; but 
such rods would heat up much more with current 
pee | to the smaller s q 








Prersonat.—The Premier Cooler and Engineering 
Company, Limited, of Broadway-court, Broadway, 
Westminster, are removing on the 26th inst. to Station 
Works, Shalford, near Guildford, Surrey, to which all 
communications should be addressed. ir telegraphic 
address will be “‘ Preecooler, Shalford,” and their tele- 
phone number “ 27 Shalford.” 





Epes Errect 1x Coprer Bus-Bars.—In collaboration 





TaBres OF Decrmat Cornace, Merric anp BnrirTisH 
WEIGHTS AND MrasuREs.—Messrs. E and Spottis- 
woode, Limited, have issued a series of tables, prepared 
by Mr. A. J. Lawson, M.Inst.C.E., and printed in English 
and Italian, for the purpose of facilitating trade between 
ourselves and our transalpine ally. Hitherto Italy has 
imported chiefly from sag 4 on account of the 
proximity of the two countries, but it is hoped that in 
the future there may be more trade with England. To 
attain this end it is desirable that the units of measure- 
ment should be better understood by both buyers and 
sellers. The volume includes Price Conversion Tables, 
depreciation tables, metric weights and measures and 


millimetre, and covering both linear, square and cubic 
measures. British equivalents are also given of all 
dimensions from 0-01 mm. up to 25-03 mm., advancing 
by x45 mm. Then come equivalents from } mm. to 
127 mm., advancing by half millimetres. Next follow 
several of multipliers for the conversion of Metric 
and British Weights and Measures, worked out to 10 
places of decimals. The miscellaneous tables include 
the specific gravity of metals, timber and stone, &., 
ressure and stress, area and circumference of circles, 
nternationa] metric standard screw threads, American 
rd screw threads, British standard Whitworth 
screw threads, dimensions of test pieces, units of heat and 
work, dimensions of the earth, the force of gravity at 
different places in metres per second, velocity of falling 
bodies from different heights, resistance of trains on the 





higher resistance ‘were 
observed ; with | 4°9 m. long, the sides 5 cm. epart, 
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12-SPINDLE IGNITION-TUBE MULTIPLE DRILLING MACHINE. 


CONSTRUCTED BY THE LANGELIER MANUFACTURING COMPANY. ARLINGTON, CRANSTON, R.I., U.S.A. 














Fig. 1. 


Tue machine illustrated on this page by Figs. 1 
and 2 was designed specially for drilling in one operation 
the 24 holes, 0-031 in. in diameter, in the wall of the 
Primer ignition tube shown in Fig. 3. The machine 
is hand and foot operated. 

The drilling is done by two six-spindle multiple- 
drill heads located 90 deg. apart on the upper half 
of a vertical faceplate. The spindles in one head 
are offset to a position midway between those in the 
other head. Each head drills diametrically through 
both walls of the tube. The drills are held in small 
taper-threaded collets in the chuck end of the drilling 
spindles. The drilling heads have full ball bearings 
and are driven by an endless woven canvas belt at the 
back of the machine. A screw belt tightener is used 
to obtain the proper driving-belt tension. The feed 
for the drilling heads is operated by a long hand lever 
mounted on a sleeve pinion which meshes through an 
intermediate gear to a ring gear located concentrically 
in the vertical faceplate to whith the drilling heads 
are attached. The ring r is mounted on ball 
bearings so as to make the feel of the hand lever as 
sensitive as possible. The ring gear is connected to the 
drill-head feed sleeve by means of double pinions, the 
pinion for the feed sleeve having friction clutches so 
that it is possible to locate each head individually to its 
proper drilling position ; this also facilitates the putting 
in ahd taking out of drills. The feed lever has a 
spring return. The drilling spindles run at 4,800 r.p.m. 

pecial means are provided for insuring generous 
lubrication to all high-moving parts. An unskilled 
operator can drill seven tubes per minute. A cutting 
fluid similar to cut-rite is , and is supplied by a 
rotary pap. The tube to be drilled is held and 
located in its position by means-of-a self-opening 
and closing jig. The jig is mounted upon a slide, the 
friction of the slide being sufficient to carry the tube 
from the loading position to the drilling position and 


vice versa.. The slide is operated by a. foot lever, the,| of 
depressing of which moves the slide to the loading or 





























out position, and also automatically opens the jig and 
releases the tube. When the drill tube is taken out 
and a blank one put in, the foot lever is released. The 
releasing of the foot lever first causes the jig to close 
and then moves it to the drilling position at the inter- 
section of the drilling heads. The tube is held at the 
ends by means of 45-deg. cups. The jig has drill-guide 
bushings, and an open top which permits the quick 
loading and unloading of the jig; also a free access of 
the cutting fluid to the drills. A thumb-spring lever 
is used automatically for lifting the front end of the 
tube out of the jig, so that the operator can easily take 
hold of it. The machine is driven by a 3-h.p. Westing- 
house electric motor mounted in the base. A ball- 
bearing belt-tightening pulley is used for the motor 
belt. The machine occupies a floor space of 32 in. 
wide by 62 in. deep, and stands 60 in. high. It is 
constructed by the Langelier Manufacturing Company, 
of Arlington, Cranston, R.I. 





HIGH-SPEED INTERNAL COMBUSTION 
ENGINES.* 
By Harry R. Ricarpo, B.A., Associate Member. 


In the following paper the author proposes to examine 
and set out some of the features of high-speed engine 
design, and to indicate some of the points-upon which the 
designers of these engines have concentrated their 
eed . ~ : r high 
8 engines are designed to run on petrol, and it is 
sometimes argued that the conditions under which they 
operate are totally different. from those that apply to 





In the first place, most of these smaller high- | the 





Fie. 2. 


engines. This is true, but to a limited extent only, for, 
generally speaking, what applies to a petrol engine will, 
with certain reservations, apply equally to a gas or 
Diesel engine, while, so far as mechanical considerations 
are concerned, the problems to be faced are practically 
identical in either case. 

The design of internal combustion engines in this 
country has during the last twenty years proceeded along 
two widely different lines, directed by two separate 
schools. On the one hand we have the designers of 
what may be termed the slow-speed type of -engine 
who have consistently had to compete with, and have 
based their designs upon, steam-engine practice, and on 
the other hand we have the designers of small high-speed 
engines who have appeared with the advent of the motor 
ear. The latter have created a school of thought of 
their own, and have developed along lines which are 
distinctly enterprising. Between these two separate 
schools, prior to the outbreak of war, there had t been 
practically no interchange of ideas or experience. Each 
was as ignorant of what the other was doing or aiming 
at as though they had been working at totally different 
problems. If we review the progress of both schools 
impartially, we find that the slow-speed school has 
consivtentiy designed their engines upon sound thermo- 
dynamic lines, and has been influenced very largely by 
such able and distinguished men as Sir Clerk, 
Professor Hopkinson and many others. y have, 
however, exhibited a decided lack of enterprise or 
initiative in dealing with the mechanical features. On 
the other hand, we find that until quite recently, at all 
events, the designers of the high-speed school have 
shown an utter indifference to the laws of thermo- 
dynamics; their ignorance of which has been, for the 
most part, profound, but they have shown a creditable 
degree of enterprise and imagination when dealing with 
mechanical problems. It is s ising that in spite 





of. the fact. that. their knowledge of the thermodynamic. 
laws might in most cases be ed as isting 
of a mass of vague superstitions, they have nevertheless 





the larger and heavier types- of internal-com 





Engineers and Shipbuilders at Newcastle-upon-Tyne, 
on April 30. cacy ne a Pits uot 


* Paper read.before the North-East Coast Institution | parab: 





ded, through a laborious process of trial and error, 
in produci engines whose efficiency is quite com- 
le. with. those of the low-s sehool. As an 
iHustration of the complete lack of int icati 





100 


between the two schools, the author -Would cite as-one 
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example the case of the 40 h.p. Mércedes car. This car 
when it first appeared produced something of a sensation 
because its engine was really reasonably silent, at least 
by comparison with other engines of that date. On care- 
ful investigation, it was found that it embodied an 
astounding and novel feature, namely, mechanically- 
operated inlet valves; and yet such valves had been 
used as a matter of course on nearly every gas engine for 
at least thirty years. Again, it was not until quite re- 
cently, in fact since the outbreak of war, that the de- 
signer of the heavier slow- type of engine really 

to awake to the vital importance of cutting down 
the weight of the reciprocating and rotating parts, 
although light moving parts have for years formed the 
very essence of high-speed engine design. 

; g the course of the war the development of light 
high-speed engines has progressed with remarkable 
rapidity, and has received a very great impetus from the 
fact that a large number of well trained and scientific 
men have devoted their attention to it, and taking 
advantage of the many excellent mechanical features 
already to be found in these designs, have also directed 
their development along sound scientific lines. 

In answer to any imputation as to their lack of 
theoretical knowledge, the designers of high-speed petrol 
engines almost invariably endt> reply with the retort 
that, besides being able to run at much higher piston 
speeds, their engines could use higher mean pressures, 
and showed a thermal efficiency equal to. and, in some 
cases, relatively higher than, the average gas engine. 
This retort was generally true, and the author proposes, 
before proceeding further, to devote a short time to 
comparing the advantages and disadvantages of, say, 
town gas and petrol as a fuel. In the first instance, 
other things being equal, the power output of any 
internal-combustion engine depends upon the weight of 
oxygen that can be m into the cylinder and burnt 
in unit time. Here petrol scores a very decided advantage 
for three reasons :— 

1. In order to consume the whole of the oxygen 
present in the cylinder, the volume of petrol vapour 
required is only slightly over 2 per cent., while that of 
town gas is nearly 17 per cent., consequently the volume 
of oxygen dealt with in the case of petrol is about 15 per 
cent. ter. 

2. ing to the latent heat of evaporation of petrol 
the temperature of the working fluid is reduced both 
before and during its entry to the cylinder. Hence a 
— greater weight is taken in for a given volume. 

3. After combustion the specific volume of the working 
fluid consisting of an air-petrol mixture is increased by 
about 4 per cent. to 5 per cent., while that of an air-gas 
mixture is reduced by about 3 per cent. 

On these three grounds alone petrol scores heavily, 
for not only does the fuel itself displace less oxygen, 
but it also withdraws heat from the rge, and thereby 
increases its weight, while finally the actual volume of 
the charge after combustion is greater than before. 
On the other hand, petrol labours under two serious 
disadvantages :— 

__ 1, Owing to its very limited range of inflammabilit 
it is not possible, as with town gas, to work with a 
mixture. In fact, the mixture giving complete com- 
bustion is almost identical with that giving maximum 
economy, for if the mixture be weakened to any appreci- 


air and petrol it is ible slightly to increase the mean 
pressure, though, of course, at the cost of excessive fuel 
consumption. This is to be accounted for by the fact 
that: (a) With rich mixtures the flame temperature is 
slightly reduced, hence the relative efficiency, based on 
that portion of the fuel only which is completely com- 
bined, is slightly increased; (6) the specific volume after 
combustion may be increased to nearly 10 per cent. as 


Fig.t. 
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Ind.Thermal Efficiency Indicated Mean Pres: 





Fig.2. 





(5483.A) ee 
against the 4 per cent. or 5 per cent. in the case of a 
normal mixture. This increase in the ap t efficiency 
though obtained at great cost of fuel does result in a 
slight increase in the mean pressure in the case of petrol, 
but does not do so in the case of gas. 

We will consider next the case of the Diesel engine. 
This engine has the following advan in its favour :— 

1. No fuel is taken into the cylinder until after the 
end of compression, hence no o is displaced and 
the greatest possible volume is in. 

2. The combustion of crude oil and air also results 





able extent below that required to give Pp 
combustion, inflammation is seriously delayed, and 
continues t hout the expansion stroke. As a result 
of this peculiarity, it is not possible by ordinary means 
to reduce the flame temperature, and since the efficiency 
of any engine, relative to the air cycle efficiency, is 
dependent upon flame temperature (owing both to direct 
loss of heat and to the ¢ in specific heat at high 
temperature) it follows that from this point of view a 
petrol engine can only operate under the most disad- 
vantageous diti (This point is dealt with at 
greater length in Appendix I.) 
_2. Owing to its low ignition temperature and to the 
high poopertion of hydrogen present in the fuel, it is not 
ible to work with so high a compression pressure. 
 sapeiiee the limiting compression ratio that can be 
used for petrol is about 5: 1 apeeting, of course, upon 
& number of subsidiary conditions). is gives an air- 
cycle efficiency of 47-5 per cent. With town gas, on the 
other hand, it is possible to use a compression ratio as 
high as 6-25: 1, giving an air-cycle efficiency of 52 per 
ent. 

These last two conditions operate in favour of gas 
more particularly as regards fuel efficiency. 

Fig. 1 shows two charts giving the limiting efficiencies 
and mean pressures for: (a) A petrol engine having a 
compression ratio of 5:1; (b) a gas engine having a 
compression ratio of 6-25: 1. 

charts show :— 

1. The air-cycle efficiency corresponding to the com- 
pression ratio. 

- the possible indicated thermal efficiency after 
deducting the direct heat loss to the walls during the 
©xpansion stroke only, and also the inevitable loss due 
to increase of specific heat at high temperatures. Both 
these are, of course, dependent upon the flame tempera- 
ture which again depends upon the mixture density. 

3. The highest possible mean effective pressure 
assuming that the cylinder is completely filled with 
working fluid at atmospheric pressure at the commence- 
ment of the compression stroke, and at a temperature 
salculated after taking into account the presence of 

ighly heated exhaust products in the combustion 
chamber and the acquisition of heat during the of 
poe wor fluid the inlet valves. (See 
: bpendix: I1.—Volumetric jiency.) 
a the case of the efficiency curve for petrol, a second 

otted line is . This line indicates the thermal 
efficiency based on that portion of the fuel which is 
actually burnt. When working with a rich mixture of 








in an i in the specific volume as in the case 
trol. 

Pe. Additional air, compressed separately, is nearl 
always admitted to the cylinder along with the fuel. 
The increase in mean pressure due to the presence of this 
additional air is invariably credited to the indicated 
power of the engine. This gives the Diesel ine an 
apparent indicated power ‘which is altogether illusive. 
In common justice, the indicated horse-power absorbed 
by the ee should be deducted from that 
developed in the cylinder, before any comparison is made 
between it and other internal-combustion ines. 

There are s0 many variables connected with the Diesel 
cycle that the author has not attempted to show a 
comparative mean pressure and efficiency curve. In the 
first place the air-cycle efficiency itself varies with the 
flame temperature. Again, the proportion of. air 
admitted along with the fuel has a rful influence 
both on the mean pressure and jency and that 
proportion is a variable quantity. Thirdly, the hi t 
mean pressure attainable is governed not so much by 
consideration as to the quantity of oxygen present in 
the cylinder, but rather by the tity that can be 
beoughs in contact with the particles of fuel and burnt 
in the short time available. 

From the above figures it is clear that while with petrol 
it is ible to obtain an indicated mean pressure of 
146 lb. per square inch under extreme conditions, or 
136 lb. per square inch under economical conditions ; 
with town gas it is not ible to obtain a higher mean 
pressure than about 110 lb. per square inch, even when 
working with the richest possible mixture. On the other 
hand, with petrol it is not possible under any normal 
circumstances to obtain an indicated thermal efficiency 
of more than 33 per cent., with town ges it is possible 
to obtain as high an efficiency as 37-5 per cent. when 
working with a weak mixture and a low flame tempera- 
ture best modern petro] engines, such as those 
employed for aircraft work, do actually realise an 
indicated thermal efficiency of over 32 per cent. while 
gas engines have occasionally shown as high an efficiency 
as 37 per cent., showing that in both cases there is not 
much se for improvement so long as the usual cycle 
ine ef ction type of anal d icularly 
efficiency of either type of engine, and more ; 
of the petrol engine, could be greatly inc by working 
with a lower temperature; theoretically, the 
efficiency rises as the flame temperature is red until 





at the point of no heat supply the effici will be equal 
to the ale-eyele, but the power will be nil 


It is obvious, however, that the thermal | be 





While the author has stated that 
limited range of inflammability of petrol an 
it is not possible by ordinary means to work with a weak 
mixture and hence at a lower flame temperature, this, 
of course, applies only so long as the working fluid is 
homogeneous. It is interesting to consider what would 
o teees iar oolelie «aaa ae yor gd ree 
& paper containing a small charge petrol 
mixture of normal density, and that at the end of the 
compression stroke this mixture were ignited and the 
bag burst so that its ae enn A ye | aflame, 
were into t. 
Woke: Metucioneaeene the affect would be Svelans 
to working with an extremely weak mixture, mean 
flame temperature would be very low and the efficiency 
very high. Some such condition as this can be — 
duced in a practical form by means of stratification, 
and the indicator diagram, Fig. 2, taken by means of an 
optical. indicator from one of the author’s high-s 
experimental engines shows the results obtained. 
running under these conditions the indicated thermal 
efficiency was no less than 38 per cent., with a mean 

ressure of 23 lb. per square inch. Fig. 3 shows two 
Singume taken consecutively from the same engine 


to the very 


Fig. 3 











—— 


under the same conditions, one running light with a 


of | mean pressure of about 24 Ib. per square inch, and the 


other under three-fourths load with a mean pressure of 
pressure being controlled solely by 
the amount of fuel admitted, a full cylinder volume 


, of course, the 
= are —— Se .~ the 

oO engine arge ue to its low flame perature 
while c fuels d petrol, there 
ie comparing the two » an . 

are two other 3 ints which need Sestdecntiehs. Petrol 
is a liquid, and before it can be used in the it must 
be vaporised, or at least finely pulverised. entails 
a certain loss, though a very small one, and it also im 
certain restrictions in the design, 1 

of the pipework which must be carried 


recipitating on the walls of the 

viouledtiy “at petrol is its 

account of its chemical instability and of the 
t. Such detonati 


proportion of h presen 
generally refe to as “ ,” and often, but quite 
oe as aaa . -ignition means, 
course, self-ignition the fuel before the end of 
compression stroke. Detonation, on the other hand, i 
merely extremely rapid ing, 80 ra’ indeed as 
cause local rises of pressure the Is 
the cylinder and cause them to vibrate as though 
had goin Sod * hammer. BP pone sen B 
a to is: portion working 
the neighbourhood of the sparking pl is 
and proceeds to burn in the usual manner, 80 ra) 
that it compresses before it the rest of the un 
charge, until the heat of compression is such that the 
unburnt residue ignites spontaneously and suddenly 
throughout its whole ; in other words, 
propagation proceeds normally at first and then sudden! 
changes and becomes practically instantaneous. 
tendency to detonate is very tiresome and it, of course, 
increases as the compression ratio is increased and the 
temperature and pressure of the working fluid are raised 
by compression. (See Appendix IIL.) It is, as might 
expected, dependent to a considerable extent = 
the shape of the combustion chamber and the posi 
of the igniter, and it also ~ ep the density 
To 


of the fuel ; oe Claes 

to detonate, use 

are chemically lees stable than the 
becomes particularly troublesome when 


pework. ‘The other 
to detonate on 
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paraffin. Such detonation can be kept in check in 
several ways :— 

1. By reducing the temperature and pressure of com- 
pression by the admission of water or other such means. 

2. By increasing the proportion of carbon in the fuel 
by mixing it with hydrocarbons of the aromatic series, 
such as solvent naphtha, metaxylene, or benzol. 

3. By introducing inert gases, and preferably by 
adding gases containing carbon such as carbon dioxide ; 
in practice this can ao by readmitting 
cooled exhaust gases, a method frequently adopted in 
the case of large gas engines using coke-oven gas, in 
which the proportion of hydrogen is large, and the same 
trouble arises. 

This tendency to detonate compels the use of a lower 
compression ratio than would otherwise be necessary 
and is a serious handicap to the petrol engine. 

In modern high-s engines every effort is made to 
obtain the highest possible mechanical and volumetric 
efficiencies, and these efforts have met with such success 
that the author can point to examples of quite small 
engines running at piston speeds as high as 1,800 ft. per 
minute, in which the mechanical efficiency is over 90 per 
cent., and the volumetric efficiency over 96 per cent., 
a result which the low-speed school have seldom, if ever, 
been able to achieve even with their conventional piston 
speed of only 800 ft. per minute. One of the chief 
problems which the high-speed engine school have dealt 
with in a very thorough fashion, is that of eliminati 
the mechanical losses, and they have certainly redu 
this to a fine art. 

Mechanical Eficiency.—The mechanical losses of any 
internal-combustion engine may be divided conveniently 
into three groups :— 

. The losses due to bearing friction and the driving 
of such auxiliaries as the valve gear, oil pumps, ignition, 
&e 





2. Piston friction. 

3. Fluid pumping losses. 

The last of these is not, strictly speaking, a mechanical 
loss at all, but it is customary and very convenient to 
include it under this head. It is to specify the 
mechanical losses in terms of percentage of the indicated 
horse-power, but in the author’s opinion it is preferable 
from many points of view, and particularly when the 
speed is a variable quantity, to classify them in terms 
of mean pressure per square inch of piston area, that is 
in terms of torque rather than power, so that they are 
directly comparable with the effective mean pressure. 
All the more so since it is now customary to measure 
the actual torque in terms of mean pressure per square 
inch of piston area. This is referred to as the brake 
mean pressure, ¢.¢., the mean pressure corresponding to 
the brake horse- r of the engine. 

Let us consider the losses included under the first 
a. These, of course, are dependent to some extent 
upon number of auxiliaries driven from the crank- 
shaft, also upon the number of cylinders between which 
pry bey shared and, to a small extent, w the weight 
of flywhee]. The torque equivalent of some of these 
auxiliaries is dependent upon, and of others, is in- 
dependent of, the speed of rotation. Numerous experi- 
ments have been made in order to ascertain the extent 
of the losses included under this heading, and as a result 
they have been found to range from 1-5 Ib. per square 
inch mean pressure in the case of a modern six-cylinder 
or twelve-cylinder aero-engine up to over 3 lb. per 
square inch in the case of a heavy single-cylinder gas 
e 6. Asa general rule they may be taken as ranging 
high. 2 Ib, to 2°6 tae square Mey an = 

igh-speed engine, and may for a 1 .p. six-cylinder 
engine be babfivided as follows :— 


Lb. Lb. 

Bearings 0-75 to 1-00 
Valve gear 0-75 to 0-80 
Magneto 0-05 to 0-10 
Oil pump 0-15 to 0-25 
Water pump 0-30 to 0-50 
Total 2-00 to 2-65 


Piston Friction.—This latter is generally by far the 
largest item, and is somewhat di t to account for. 
In wighoneed engines with enclosed crank chambers 
and fo: lubrication the piston may be regarded as 
being practically oil-borae. Compared with the main 
bearings, however, the average loading is very much 
lighter and the rubbing velocity not so very much higher. 
At first sight, therefore, it would appear that the friction 
of the piston on the cylinder walls should not be ter 
than t of an equivalent area of bearing s in 
other parts of the engine ; that it is, in fact, enormously 

ter is pomeey to be accounted for, in part by the 
‘act that motion of the piston is reciprocating and 
not continuous, aaingen ee that the lubricati 
oil is always more or less contaminated and carboni 
partly by = escape of a very = gag by burning 
gases past piston rings, an ly by e 
of the cylinder walls to the high temperature of com- 
bustion ich tends to carbonise the film of the oil 
adhering to them. As a result of this contamination the 
viscosity of the oil is increased enormously, and therefore 
also its resistance to shear. A very large number of 
experiments have been carried out by the author and 
: op Be Sang 00, Sesetenene Date De ceuee Oe aoe 
of piston friction in gas and petrol engines. Briefly it 
coanay teh tan eulin epmuen tee tpaus eteted ohuen. hoe 
that the extent is almost directly proportional to the 
average thrust on the cylinder walls and in 


of pounds per square inch can be found from the 
formula : 


Plus a constant which in- 
cludes the average pressure 
on the cylinder walls due 








. : ;, to the compression and 
ny eS which depends also to 
P P some extent upon the 
4 3 ber and strength of 

10 piston rings. This con- 


stant may vary from 1-5 
Ib. to 4b. per square inch, 
but merally averages 
about 2 lb. persquare inch. 


This formula is, of course, purely empirical. It is 
open to criticism on the grounds that the rubbing velocity 
is not taken into account, and that therefore the resistance 
of the oil film to shear is assumed to be constant. This, 
of course, is not the case, but the apparent error is largely 
corrected by ing very prominently into account the 
average component of thrust due to inertia pressure 
which, of course, varies as the square of 
pe Pumping kag <4 ae these — 

very largely upon ‘orm of pipework, an 

upon, the velocity tone 3g the piping andl salves. Pro- 
vided that the pipework, and particularly the intake 
pipe, is reasonably short, ¢.e., not more than 8 diameters, 
and that the internal diameter is not less than that of 
the valve port, also that the valve timing is more or less 
normal, the loss due to fluid pumping may be taken as 
dependent upon the velocity the valve P mer 
and is approximately as shown in diagram, Fig. 4, 
in which the horizontal scale denotes the average 

velocity through the valve ports based on the assumption 
that the valve is fully open throughout the stroke, and 


Fig.4. 





a 


a 


Lbs. per Square Inch 
a 


(sans, O28 Velocity. Feet per Second. 


the vertica] scale denotes the mean pressure of the 
suction-exhaust loop. This curve has been prepared from 
a ‘very large number of indicator diagrams and from 


Fig.5. 








(5483.0) 


Piston Speed. Feet. per Miruite. 


motoring tests, and may be taken as being substantially 
correct and applicable to any class of four-cycle engine. 
In the next table are given the mechanical losses of 
three actual engines, each of about 80 h.p. per cylinder :— 
1. A Diesel engine bore 16-0 in., stroke 19-0 in., 
normal speed 250r.p.m. Piston speed 790 ft. per minute. 
Weight of reciprocating mass, 9941b. Mean gas velocity 
th: h valves, 150 ft. per second. 
2. A gas engine bore 15-0 in., stroke 24-0 in., normal 
woe 200 r.p.m. Piston speed, 800 ft. per minute. 
eight of reciprocating mass, 6551b. Mean gas velocity 
igh valves, 130 ft. per second. 
3. A petrol engine bore 7-25 in., stroke 8-5 in., normal 
—_ 1,400 r.p.m. Piston s » 1,980 ft. per minute. 
velocity through valves, 130 ft. persecond. Weight 
of re mass, 11-35 Ib. 
In tabulated , in order to make them truly 
> no account is taken of the air compressor 
ly fitted to Diesel engines. The indica’ mean 
pressure is taken as 89-0 Ib. per square inch in the gas 
engine and 130-0 lb. per square inch in the petrol engine. 
Figs. 5 and 5 (a) show the loss due to piston friction for 
ese 


engines. 
It may be argued that while the mean pressure taken 
in the case of the petrol ine is very nearly the 





maximum obtainable, that taken in the case of 





gas and Diesel engine is well below the maximum, and 
that therefore the comparison is not a just. one. 

answer to this is that in both the gas and Diesel engines 
the cylinder bore is so large that it is not possible to work 
with higher mean pressures owing to the excessive heat 


Friction Losses in Terms of Pounds per Square Inch of 
Area, 





Piston 
Diesel Gas Petrol 
Engine. Engine. Engine. 
Ib. per Ib. per Tb. per 
sq. in. mk ou te. 
Bearing, &c. .. .* oa 3-5 3-0 1-8 
Piston friction ee os 11-8 7-8 7-2 
Fluid pumping loss . . 4°5 8-4 3-4 
Total .. oe se “< 19-8 14-2 12-4 
Brake mean pressure Se 75-0 ‘ ne 118-0 
r cen r cen r cent. 
Mechanical efficiency Per9-0 ar Per Pe0-6 














gradient across the piston and — the walls of the 
combustion chamber. In the petro] engine, however, 
with its small cylinder and thin walls it is possible to 
dispose of the heat, and that with the same, or even a 
smaller temperature difference between the inside and 





Piston Speed Feet per Min 


outside of the cylinder walls and combustion head. 
Again, in the petro] engine the mean pressure can only be 
cut down by ws the charge as already explained, 
and not by reducing the mixture roms te 

In Fig. 6 are shown the curves of mechanical efficiency 
in terms of piston speed for the three engines. Fig. 7 
shows the mechanical efficiency which might be expected 
from the and Diesel engines, assuming that the same 
attention had been devoted to the design of their pistons 
and valves, as in the case of the petrol engine. 


(To be continued.) 





THE JURASSIC IRONSTONES.* 
The Jurassic Ironstones of the United Kingdom— 
Economically Considered. 


By F. H. Harton, Past-President of the Institution of 
(Concluded from page 562.) 

Treatment .of Ore-—So long as the ore was being 
obtained from the surface, or from under a small cover 
it was in the oxidised condition (é.¢., it consisted of 

ted oxide of iron or limonite), and was fed into 
the blast furnaces in the raw state. The green carbonate 
ore now obtained from the mines is, as a rule, i 
at the ironworks before being used. The loss on calcina- 
tion of Cleveland stone is from 27 per cent. to 30 per 
cent., carbon dioxide and water being driven off, while the 
iron is raised to the state of sesquioxide. The ore is then 
in a more reducible condition and the loss due to the 
formation of ferrous silicate in the blast furnace is 
avoided. 

On account of the siliceous nature of Cleveland stone, 
it is necessary, in order to flux it efficiently in the blast 
furnace, to add a considerable amount of limestone, and 
about 35,000 tons per week are b t to the furnaces 
for this from quarries in East " Weardale, 
Wensl and the district south of Darlington. 





* Paper read before the Iron and Steel Institute on 
Thursday, May 2, 1918. Published by ission of 
the Controller of Iron and Steel Prod Ministry 
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It is the usual practice to mix the limestone with the raw companies send their stone ou fe hy mere Messrs. 
ironstone and to calcine the mixture in the same kilns.* | No. of} Name of ome Walter Scott, Limited, to the Leeds Stool Company 3 
The bulk of Cleveland iron is used for steel-making, — Mine. Owners. Information. 


the Sheepbridge Coal and Iron Co: wpeny © } pee el to 
mainly by the basic open-hearth process. A smaller : ~ their ironworks in Derbyshire; the 
proportion—about 20 per cent.—is used for foundry! , | Grinkle Park| Grinkle Park Min- | Palmer's Shipbuild- | Company to their works at Staveley, near Chesterfield 
ae ing Company ing and Iron Com- = the output of Lord St. Oswald’s quarries is 
alumina-content of Cleveland ironstone makes ny. for mixing with more siliceous ironstones, to various 
it difficult to carry sufficient lime in the slag to ensure 2 | Roseberry..| Tees Furnace Com- Cochrane and Co. ironworks in different parts of the country, among these 
the production of a basic pig-iron low in silicon and em being the a Lincolnshire Ironstone Company's works 
sulphur, and this difficulty is increased by the com- 3 | Boulby .. awe Tron a Tron | at Scuntho 
paratively high percentage of the latter element in the 4 ™ : The oueean weekly output of the producing com- 
stone. In order to make a high-class basic pig-iron, 5 | Lingdale © "| Pease and Partners | Pease and Partners. | panies for the last quarter of 1917, and the total for the 
a considerable proportion of ores, low in alumina, have 6 Loftus 
7 
8 





os 9 - ae year, were as follow :— 
to be added to the furnace charge. Belmont ..| Bolckow, Vaughan Bolekow, Vaughan 



































































































































Large quantiti f are, however, made an Weekly Per Annum 
exclusively oe Civteitees: and used for the manu- Spawood .. = bbe Samuelson | Sir a Samuelson Lord St. Oswald’s Frodi se pore 
se ly ro od pg therm tamer Fn pay ie |e « Dorman, tang ent Bell sooihem: Same Seveibaas Sibeta 18,018 970,760 
vanes and, before being charged, is desiliconised by| 10 | Brotton .. Morrison and Co. ..| Cochrane and Co. Gueeae Iron and Steel 7,929 412,866 
a preliminary treatment in a metal mixer. 4 Lumpsey ..| Bell Brothers ..| Bell Brothers. Redboxen nn +e Ber » . 
Chemical Composition.—The at = hen ge een of 1. | tony SS eee °° and Co Mae Ti Tron and 6.089 233,126 
parece to mae met gag eect en LAE hae no on " and Co. John Lysaght, Limited 5,660 304,646 
rom wor. analyses. In case 0 0; m 14 # a x Pe ’ ee '» 
ironstone, the percentages were tery first for each 15 | A ward - * va 44 Midland Ironstone Com- —_ eramne 
group and then for the whole, regard being paid to the 4 a ..| Bell Brothers ..| Bell Brothers. yorkshire Tron Ba a Coal 5, , 
r. ee ” 
—_—- Sollowing mites are represented :— 18 | N. Skelton’| Bolckow, Vaughan | Bolckow, Vaughan Company, Limited ... 2,684 150,652 
and Co. and Co. Sheepbridge Coal and Iron 
20 | Eton ri Fonhen | Setihees Vente Company, Limited ... 2,574 126,592 
a es ckow, Va ckow, Vai n , 4 
roan, | ** | Soe | or |g stan | MO | SMG) ent ron Company, Dd: Tare "OOS 
Position, N " 0} ne as ” ” 
nD ame 0} indienne | Hae. 22 B. Rosedale Lascelles and Shep- Lascelles and Shep- Z. G. Yewdall ° > 103 4,155 
Total eee eos ... 52,208 2,699,532 
Mines on outcrop(ist | Eston .. 2 } 30-2 
line) Upleatham 1 \. ha a2 3. _ 4. 5. 6. %. 8 9. 10. wi 
, = r le se- tang- - 8 ump- 
—_ Ra , outcrop — 28°15 Park. | berry. | Boulby. ” ‘tale. Loftus, |Belmont,| wood, | Kilton. | Brotton.| sey. 
Spawood 1 
Belmont . Fe 24-60 25-43 25-97 26-10 26-12 26-39 26-70 27-00 27-63 27-67 27-79 
Mines onthe Gip ..| Lottas .. a 310 13-00 | 12-87 | 14-08 | 13-04 | 34-07 | 19:84] 11-80 | 12-49 | 14-68 | 10-6 | 18-40 
ot || sb" ‘Ero | ‘oor | sae] “ess | Ese] S08] Bie | Tog | Cae | TAG | "esa 
ime i = a” 2-60} 3:17| 2-08) 3-42] 3-49] 3-69) 3-45 | 3-31 | 4-02] 3-39/ 3-42 
a | 1) 88] So] Se] 8] SB) Se] set] Se] Ss) ee) oes 
Stanghow oe 1 : ‘ ° . : . 0-44 . ° ° ° 
Othe tituents — _ 0-78 — 0-78 -- = _ —_ — 
comic. ae” | oe] Fe] $8] gel eel EB) sel se] gel eel ee 
> . . . a. . . 8- 8: 2 . . . 
or; * ppeeemenh t~ -- 4 : ae CePiE a gO snd 65] 20-28 | 285 | 28:90] 25-05 | 28:67 | 28:05 | abas| otas| ob:fe| aban] ates 
i i: + la — 4 \ 25-3 Total 100-00 99-36 99-45 99-76 99-70 99-70 99-50 99-97 99-34 | 100-15 | 100-00 
end of fie -. 
. NIST: ”“ i JF ate rab 26-54 27-68 28-54 27-90 27-96 28-75 27-90 28-72 29-09 80-95 29°25 
The results are as follow :— Character of stone _. . |Siliceous| Siliceous] Siliceous| Siliceous| Siliceous| Siliceous| Siliceous| Siliceous| Siliceous| Siliceous 
No.of Calculated Average. - 
Analyses 12. 13 14. 15. 16. 17. 18. 19 20 21. 2 
used in the = a — Lump- | Long- |__N. Park | N. 8. laste Clee 
Calculations, Received. acres. | Skelton.| Eston. |Skelton.| Pit. | Skelton. leatham Eston. | Skelton. Seam) 
21 .. .-| Fe ee os --| 28-14 30-15 | Fe rp oe --| 27-92] 28-91 | 20-14] 29-35 | 29-42 | 20-49] 29-57 29-74] 31°40 | 38-80] 91°25 
SB’.. -.-| Mn es + .- 0-41 0-44 Mn o% os ¥é 0-33 0-30 0-62 0-35 0-40 0°45 0-34 0-36 0-55 0-41 0-81 
21... oe yew | - . | 11°84 12°70 {8102 .. oe «| 18°77 9-04 | 12-12 8-71 | 10-48 | 9-20] 11°57 | 10-10 7°70 9-00 9-00 
Sa: a. ee Als B +. *e .. 10-21 10°95 Alsds ee oe --| 10°39 8°58 10-89 9-90 8-46 8-34 9-65 10-40 9-00 8-75 10-00 
SE x0 ..| Ca ae oe ee 4°74 5-09 Ca: -_ 4°39 5-08 3-74 4°56 5-32 4°91 5-19 4°04 4-82 4-60 5-00 
el oe - 3-54 3-80 MgO 4°10 3-39 3-50 3-15 4°13 4-20 3°71 8-30 3-48 4-00 3-00 
Waa | ieee: lie: 4) ae sa| $i5| Sm] Sis] $4] $i] SB] Se] ges sa) oe 
ae :.| Moisture 6-80 —_ Mott 5-00 10-00 6-50 10-70 6-60 7-80 . 8- . . 10-00 
ieee os — 9-06 9-72 are 8-92 9-62 9-42 9-44 9-45 9-39 4 79 » of ss-ee 10-77 
21 .. os TE 4 m0 08 06; 24-53 26°37 on bined HzO and COo| 24-00 | 24-14] 28-27] 23-25 | 24-38'| 24-85 | 25-90] 22-86 | 25-07 | 26-53 | 19-58 
100-00 100-00 Total .. --| 99-61 99-68 99-99 | 100-04 99-60 99-69 99-76 99-30 | 100-33 99-96 99-98 
En it — . . = ee e a eo seats 29-39 32-12 81-17 32-87 31-50 31-98 30-80 82-87 33-81 34-13 84°72 
Ce api = Aebins oa Cnt conan of stone _. . |Siliceous | Siliceous| Siliceous| Siliceous| Siliceous| Siliceous| Siliceous| Siliceous| Siliceous Siliceous| Siliceous 
er nt. er mt. 
Iron mn she ... from 33-30 to 24-60 . , : 

. t ts. Taking the properties from north to south the| Method of Working.—At present the Frode 
nama 2 ae a + ollowing companies are at work :— ironstone bed, which, where undenuded, is 25 ft. to 30 ft. 
ye na "49.907 8-34 Name of Company. Situation of Quarries. | in thickness, ‘put where denuded may be of any lesser 
Lime =o ea 6-34. 3-74 ; Iron and Steel Co. ... Thealby. thickness, is worked open-cast, the amount of cover | 
Magnesia a oa a Oa John L t, Ltd. . . Normanby Park. | removed at present up to 60 ft. Mechanical appli- 
Sulphur ... = hes 0-77,, 0-01 Yorkshire and Coal Co., Ltd.... E. of Fli ugh. | ances similar to those already described on 520 ante 
Phospliorus a — 9 Geet. Qua Redbourn Hill Iron and Coal Co, are used to remove and deposit the over nm on the 
Moisture ” 11-00 sed 2-44 . 8.E. of Flixborough. | worked-out areas areas (see ante). A certain amount 

TEE LOTT a 7 Frodingham iron end Steel Co. . be * Boer Occeat F ile = led mt try f ‘ae woking tome t 
As alread: inted out on e 515 ante, the chief | Midland Ironstone os esby Farm. Cn & gantry trom 6 
chemical qhasethettatie of the FOleveland ironstones its | Redbourn Hill Iron and Coal Co. ... Crosby Warren ground from which ironstone has been removed. 
comparatively high alumina content, which, combined me me a Coal and Iron Co., Ltd. Crosby Warren. The soil is kept apart, so that on completion of the 
with low lime and fairly pene makes it a distinctly Sootinghiam Iron and ne Co. os Groby parish. operations it can be spread evenly over the new surface, 
slioooue “stone, requiring th addition ‘of @ considerable Lord St, Gee aa. --. Crosby parish. with ng — —_ the ground when handed handed back to the 
1 ime ux 1 Oswal Frodi - 1a farme rea ; 
Leena lected yees of agen TE Te On account of the great thickness of the ironstone bed, 
Cleveland aides serail at Pt tnt 7%. G. & Yewdall oe --- Near Scunthorpe. the length of the working faces, the extensive use of 
Trent Iron Co., Ltd. ... Near Scunthorpe. mechanica! appliances, both for and for loading 
Tae Lowzr Tass Jaowencom on FRODINGHAM STONE Frodingham Iron and a 0a, Frodingham parish. a stone, is won very cheaply. cone 
or Norra COLNSHIRE. Red —_ : - ironstone very cheaply. 
Ltd. ew - Frodingham parish. | cost of the stone in wagons at iy did 
Distribution of Workings.—The Frodin ene Dae Midland Ironstone Mines New Brumby. not exceed 18. per ton (exclusive ity 
is worked open-cast along its c — Iby in the | Lord St. Onwald's Frodinghain Tron The i has its ful of 25 ft. to 
north to ~~ Toop Fe mos of > tp dy weeny ®| stone Mines it - Saee 30 ft., when undenuded ot covered by Lower Lias 
ot 7 mi ave o' in Frodingham Iron and . Ashby South. clay or shale ; when, however, the latter has been eroded 
which the workings are situated being about 14 miles. ironstone placing, the 
poBn ne gb > = nies Iron and Steel | the upper jion of the may be 
cboat at ee ae cane en ot ” John, Lyanght, Limi the Redbourn Hill cover’ tnaleting th tale epab Of» inter Sues drift 
bout “way between its most northerly Coal Company, and the Trent Iron Company, eS en Ee The ironstone bed dips 
Tilted, send their out to Pricby, ke. where ii pe Rae Bare: Gm pl: St%, Vecutjetilyy towel Sor’ salle 
*r understand from an inquiry kindly instituted for | Normanby Park, Brodin, where it surface ground .s Brace 
me by Mr. Stephenson, that about five-ci th of the | smelted with the more sili rowel seri : Oolite ironstone | to 2 miles from the outcrop. Since it is proposed ‘to work 
total limestone used is put through the with the srasittm Tabd Lansckachin Counpeng'e tiie tot Laneell the bed open-cast under a cover of up to 100 ft. in 
ironstone. and from Northamptonshire quarries. The remaining | thickness, a very large quantity of ore, sufficient for 
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many years’ work, is available before mining will be 


Farther east, near Appleby, the ironstone bed has been 
proved by boring ft. of the overlying beds, 
and found to have a of close on 30 ft. It 
a probable, therefore, that large reserves of ore 
wil be available for mining when the thickness of the 
cover prohibits quarrying. 

Lithologically,* the Frodingham ironstone is a ferru- 
ginous fossiliferous limestone, with distinct oolitic 
structure. The iron is present as hydrated oxide ; but 
this only applies to the surface rock now being ied— 
under a greater cover it will certainly be found as a 
carbonate. Indeed, this is the case in the lowest beds 
worked in the quarries. 

A small proportion of the upper layers is siliceous. 
Immediately below the siliceous layers is a seam of dark- 
coloured shale carrying pyrites. account of its sul- 
phur-content (about 1} per cent.) this material is generally 
eliminated before the ironstone is loaded into wag 

Below the shale band the ironstone is limey and 
consists of dark-brown bands rich in iron, alternating with 
narrow bands of a light-coloured hard shelly limestone, 
of which the iron-content probably does not exceed 
12 percent. The lowest bed of all is a similar limestone 





Teall,t who examined some thin sections of the iron- 
stone under the microscope, remarks that the iron is 
present in the oolitic grains,and in pseudomorphs of rolled 
organic fragments. the ironstone has originated by 
the alteration of a limestone the replacement by iron 
compounds this would appear to have taken place before 
cementation, since the matrix is not affected and consists 
of — p a , 

hemical Composition.— average composition o 
the Lower Lias ironstone of North Tinesintiee has been 
calculated from 35 analyses supplied by blast-furnace 
firms. Properties of tho following companies are repre- 
sented, the number of analyses from each being given in 
brackets—Redbourn Hill Coal and Iron Company (3), 


Frodin Ironstone Mines (15), Walter Scott, Limited 
(6), Mi d Ironstone Company (2), a Coal 
and it, Limited 


Iron Company, Limited (4), John L 
(1), Yorkshire Iron and Coal Company, Limited (1), 
Frodingham Iron and Steel Company (2), and Trent 
Iron Company (1). 

The me of calculation is the same as described on 
page 515 ante. .The results are as follow :— 





No. of Calculated Average. 





As 
Received. | Dry. 











35. «| Fe os ee oe 22-66 25-40 
28. --| Mo > ws aa 0-96 1-07 
eee .+| 810. ee ee ee 8-10 9-06 
. ae -+| AlgOz .. ee ee 5-07 5-67 
oe -+| Ca ee oe ee 18°15 20-30 
ee” ae ae oe 1-00 1-12 
, eee «| 8 ee ee oe 0-16 0-18 
Sh os ook ee ee ee 0-31 0-35 
a ‘es -+| Moisture sin ee 10-73 — 
Combined water, CO: 
and O by difference 32-86 36-85 
100-00 100-00 











“The ra ge of the percentages of the different con- 
otienente te the analyses used are as follows :— 
Per Cent. Per Cent. 





Iron ... ane ae from 32.19 to 17.69 
Manganese from 1.40to 0.42 
Silica ... from 17.94 to 3.66 
Alumina : ag from 10.24 to "2.10 
Lime ... me sie from 28.00 to 7.48 
Magnesia ° from 1.67 to 0.18 
Sulphur from 0.42 to 0.05 
Phosphorus -45 to 0.20 
Moisture from 16.00 to 5.30 


The following are selected complete analyses of Lower 
Lias ironstone in North Linco ire :— 


ANALYSES OF IRONSTONE AS RECEIVED. Norrn LixcoinsHiRe. 





























2. a. 3. 4. 5. 6. 7. 8. 9. 10. 11." 
-| Froding- Froding- Froding-| Froding-| Froding-| Froding-| Froding- . 
ham ham Red- ham ham ham ham ham ham ham J 
- Iron and| Iron- bourn Tron- Trent. Iron- Iron- Iron- (Iron and| Iron- Tron- 
Steel. stone Hill. stone stone stone stone Steel. stone stone 
Mines. Mines. Mines. | Mines. | Mines Mines. * 
Fe 18-20 | 19-00 | 21-87 | 23-00 | 23-20 | 24-28 | 26-40 | 26-40 | 27-10 | 28-40 28-50 
Mn 1°34 1-40 0-53 0-97 1-16 0-42 1-04 0-90 0-44 0-89 0-97 
sio 3-90 6-00 6-70 7-98 5-60 8-10 8-50 7-40 | 17-94 7°10 6-40 
AlpOz 3-67 2-40 6-40 4-79 2-10 5-98 — _ 8-38 _ oe | 
Cad 26-28 | 25°10 | 22-70 | 16-87 | 20-70 14-70 14-80 17-10 7°48 | 14-20 | 14-60 
MgO 1-22 1-10 —_— 1°43 1-20 —_ “= — 1-67 — _— 
8 0-10 0-06 0-06 0-39 0-12 0-06 0-24 0-32 0-05 0-42 0-26 
P ae 0-29 0-35 0-28 0-33 0-35 0-28 0-41 0-39 0-29 0-38 0-44 
Moisture 11-30 8-00 10-10 | 12-79! 15-00 12-00 3-90 5-40 | 10-00 9-10 5-60 
Oxygen 8-27 8-98 9-37 9-73 9-80 11-33 — = 11-55 — om 
Difference oe mn oe 27-61 = 21-00 —_ 44-71 42-09 39-51 43-23 
Loss on Ignition --|. 25°74 — 21-47 ~- 20-50 | 21-60 a “= 14-67 — pa 
Totals .. --| 100-31 | 100-00 | 99-48 | 99-28 | 99-73 | 98-75 | 100-00 | 100-00 | 99-57 | 100-00 | 100-00 
Fe in sample dried at 
deg. Sas .-| 20°52 | 20-65 | 24-33 | 26-37 27-30 | 27-60 | 27-47 | 27-90 | 30-10 | 31-24 30-19 
Character of stone ..| Limey | Limey | Limey | Limey | Limey elf- Self- Limey |Siliceous}. Limey | Limey 
Sfluxing | fluxing 























Fig. 2. 


MINES FOR EACH YEAR 
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AaSAyY IRONSTONE. 


A bed of calcareous oolitic ironstone occurs near the 
base of the Upper Lias in the south of the Isle of Raasay.* 
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OUTPUT FROM THE CLEVELAND !RONSTONE 


FROM 1860 TO /9!7. 
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roads, 45 ft. apart, serve, the one for haulage and the 
other for men and ventilation. The endless ropeway is 
ctuated by a motor to which power is electrically trans- 





Its strike is in general north-east and south-west, with a 
dip of 14 deg. to 15 deg. to the north-west. 

formation is cut here and there by north-east and 
south-west dislocations, causing step-faulting. These 
faults naturally interfere to some extent with mining 
operations ; but where their throw has been previously 
determined by boring, the difficulties caused thereby 
can be overcome in the lay-out of the mine. 

Microscopic examination of the unoxidised ore shows 
that the iron is practically confined to the round oolitic 
grains, where it occurs largely as a green silicate of iron ; 
while the matrix between the grains consists of carbonate 
of lime. In ‘the oxidised stone, which occurs where the 
deposit is covered by less than 12 ft. of overburden, the 
iron is in the form of hydrated oxide and a portion of 
the lime matrix has been removed by | ing. On 
this account this stone is higher in iron and more siliceous 
than the unoxidised ore. A secondary enrichment of 
the iron is a concomitant of the oxidation process. 

The thickness of the iron ore bed varies from 5 ft. to 
10 ft., averaging about 8 ft. Since a layer of about 1 ft. 
thickness has to be left on the roof, to prevent the 
overlying shale from breaking away, the working thick- 
— of the ironstone averages 7 ft. The foot-wall is 

le. 

In the major tg ap of the proved ore field the ore 
body is overlaid by a considerable thickness of rock 
necessitating mining. Only over a small area, where 
there is a slight burden of peat and gravel, is open-cast 
working possible. 

Operations are at present confined to one working, 














No. of 

Analysis. Name or Situation of Quarries. Owners. Source of Information. 
1 Scunthorpe .. in a as Iron and Steel Company. . Tron and Steel Com 5 
2 Frodingham Ironstone Mines .-| Lord St. Oswald .. Ae yy ..| North-Eastern Steel Company. — 
3 Redbourn Hill oe “e .+| Redbourn Hill Iron and Steel Company | Park Gate Iron and Steel Company. 
4 Frodingham [ronstone Mines .-| Lord 8t. Oswald .. at ve ..| Appleby Iron Com: " 
5 Scunthorpe .. R .+| Trent Iron Company, Limited . . -| Trent Iron Company, Limited. 
6 Ironstone Mines .| Lord St. Oswald .. ae ae ..| Park Gate Iron and Steel.Company. 
: pa aA - se . in <a .-| North Lincolnshire Iron Company. 
9 Scunthorpe... ..  .. °, Frodingha m Iron and Steel Company. Frodingham Tron ‘and Steel Gompany. 

¥ Frodingham Ironstone Mines .-| Lord St. Oswald .. oe ye ..| North nshire Iron Gouge. - 














* The ition of the ironstone in the 
geological sequence (zone of Ammonites semi-costatus) 
 - & es = E. ie (Quarterly Journal 
0, Geological Society, 1875, vol. xxxi, 115 to 130) 
Pecten bed, the lowest of the Middle Las ironstones, 
lies about 90 ft. above the Frodi ironstone. It is 
a thin bed of fe inous limestone, and is not worked 
for ironstone an in the district. The Marlstone 
also occurs, but this is not worked in N. Lincolnshire. 
In 8. Lincolnshire, however, it is quarried for iron at 
Caythorpe, near Grantham. For further details on the 
geology. see “The Serleny of N. Lincolnshire,” by 
. A. E. Usher, Memoir of the Geological Survey, 1890. 
tJ. J. H. Teall, “The Lias Memoir.” Geological 
Survey, page 302. 


access being obtained by an adit, driven in 1,056 ft. 
from the surface in a north-easterly direction, and rising 
lin 100. The mine is worked to the rise, the distance 
from the first workings to the outcrop being 1,000 ft. 
to 1,200 ft. 

The system of working is by “ bord and pillar,” the 
pillars averaging 40 ft. by 30 ft., with 55 ft. and 45 ft. 
centres respectively. At present two parallel main 





* For geological details, see ‘‘ Note on the Upper Lias 
of the Western Islands in Reference to the m Ore 
Deposit therein,” by Wallace Thornycroft, Transactions 
of the Edinbur, Geological Society, 1913, vol. x, 

196. And forthcoming Memoir of the Geological 
urvey of Scotland. 








mitted at 2,200 volts from a central station situated 
near the calcining kilns. 

At the surface the ore is transported from the mines 
to the calcining kilns near the pier, a distance of 1 miles, 
by endless rope haulage, the motive power being 
electrically transmit Before i into the 
calciners it is sized by breaking screening. From 
a hopper at the base of the calciners, the ore is conveyed 
on @ Robin’s rubber belt to the loading shoot. The 
“Ee of this belt is 500 tons per hour. 

pier can accommodate 5,000-ton boats, there 
being 22 ft. depth of water at low tide. At present 
1,000-ton boats are being used, and these can be loaded 
in 2 hours. 

The ore body has been proved to maintain its value 
for a distance of 2 miles along the outcrop; farther 
north it deteriorates in value and gradually thins out. 
Beyond the limits of the ground proved by boring, 
there is no evidence either as to iron-content or as to the 
thickness of the bed. There can be little doubt that it 
extends farther in the direction of the dip than has been 
actually proved. 

The unoxidised ore from the mine averages about 

23 per cent. of iron, with lime about 22 per cent., sulphur 
about 0-6 per cent. and phosphorus 0-9 per cent. 
_ It will be seen that Raasay stone is relatively low in 
iron and rather high in sulphur. As a rule the stone 
is used in the calcined condition. The high percentage 
of lime makes it suitable for ie with the siliceous 
clay bands of the Scotch coalfield and with tap cinder. 





Larce GERMAN WaARr Prortrs.—The Upper Silesian 
Railway Requirements Company, which is interested 
in mining deals, furnishes a striking example of the huge 

rofits earned during the war by certain branches of the 
rman industry. "The following table will bear out 
this assertion :— 





Year. [Grom Profit | Writings-off. | Net Profits. | Dividend. 





Marks. Marks. Marks. Per cent. 
1913 6,800,000 3,600,000 2,600,000 4 
1914 5,800,000 3,600,000 1,700,000 2 
1915 «| 12,800,000 6,000,000 6,300,000 10 
1916 -| 20,100,000 9,400,000 10,200,000 15 
1917 .| 33,700,000 15,100,000 18,100, 20 





The war profit tax has been deducted prior to the fixing 
of the gross profits, and this tax represents & very 
substantial sum, which is not specified for 1917, but 
which for 1915 and 1916 was provided for by a reserve 
of 7,600,000 marks. During 1917 more than 15,000,000 
marks were expended upon extensions. For recon- 
struction purposes after the war, a sum of 4,500,000 
marks has been set apart from last 's profits as a 
first instalment. The report says t the company 
is fully employed for months to come, but the cost of 
production continues to increase, whilst prices, fixed 
some time ago, remain unaltered. 
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AGRICULTURAL APPLIANCES. 


114,280. D. McN. Wallace, Dennistoun, ow. 
Agricultural Tractors. (1 Pig.) November 7, 1917.—This 
invention relates to motor tractors of the two-wheel type having 
a rearwardly extending beam capable of a pivotal movement. 
ais the motor tractor beam which is pivoted at b, c, to the tractor 
framework. d is the control lever for the hand brake, e the 
control lever for the clutch, and f the control lever for the change- 
8 r of the motor. The brake-control rod di, the clutch- 
control rod el, and the change- control rod f1 are, respectively, 
connected with vertically-mo bell cranks g, h, i, fulcrummed 


to the fork of the beam. The bell cranks, in their turn, are each 
connected by a universal joint to the motor controls j, k, J, Y 


the brake, the clutch and the change-gear respectively. 























controls j, &, l, are vertically movable bell-crank levers which are 
connected to and operate the actual control rods. The universal 
joints are in a vertical plane and are always at the pivotal axis 
of the beam. No matter how the beam is turned from side to 
side, when steering the tractor, the universal joints always remain 
» ee line of -¥ pivotal axis - mogpane G dotted lines z. For 

purpose of readily attaching tural implements the 
main beam a is made of channel section and sdjustebly secured 
to it is the auxiliary beam al, this beam having, at the one end, 
a clamp a2, capable of sliding longitudinally along the main 
beam and at the other end it is connected to the bracket m and 
, re ee adjustment by the screw n. (Accepted 

pre ” 


114,235. T. Orbell, Clare. Agricultural Tractors. 
(2 Figs.) May 7, 1917.—The invention relates to tural 
tractors. According to the invention, a winding attachment, 
which can be detachably affixed to the chassis of the tractor, 
comprises a frame f eyo ey by y 4 mounted within it a windin; 

drum h. In practice the h is arranged with its axis paralle! 
to the longitudinal axis of the tractor and centrally with respect 
to the axis of the travelling wheels b of the latter. The spindle 
of the winding drum A has ke upon it a spur wheel k which 
gears with a pinion / carried by a spindle m, which is mounted 
in bearings carried by the framing f. This spindle m has also 




















keyed upon it a sprocket wheel 0, which is driven thr the 
medium of a chain p by a sprocket wheel r, which is loosely 
mounted w a spindle g carried in bearings beneath the tractor 
chassis, spindle s is driven from the crankshaft d through 
the medium of bevel gear u, and has slidably mounted upon it 
a clutch which can be brought into and out of engagement 


with clutch teeth on the sprocket wheel r so as to é or 
disengage the sprocket w from the driving mec im. 
« is a winding which 


To around the drum A, z being a 
guide pulley which is slidably mounted on the frame f. (Accented 


April 4, 1917.) 

114,248. E. Williams, baston, Birmingham, and 
J. Newall, x tural Tractors. a ” Fig.) 
June 30, 1917.—This invention provides improved mechanism 
whereby the effects on the direction or steering due to variations 
in the condition of the ground can be conveniently counteracted 
pg room A internal combustion engine a, motion 

of a pair o' wheels b through reduction 
gear c, a cross-shaft d and iol thefts 2 On the cross shaft 
i as =. = shafts are con- 
’ shaft ¢ is in two 

by differential gear hin whi plan 

in the form of «worm wheel. 

a cross-shaft i 

gearing with the planet pinion carriers. 
pe hand so that rotation of the cross-shaft produces 
Peale en of Se maid cantio.  hylng yy apy 
wheel f under the conttcl of the aren’ anion 


ver. Or, alternatively the 
<ross-shaft is driven through worm gear m in either direction by 


worm gears are 


friction n recel 
control of the driver. 
driving wheels 
To change the 


the 




















l 
“ena 


of the cross-shaft. When an obstruction or other condition, 
such as a soft place in the ground, is encountered by one of the 
ery Rad tending to deviate, the vehicle the s of that 
wheel is increased and of the other decreased by operation 
y he to maintain the original course. (Accepted 

. 8. 


ELECTRICAL APPARATUS. 


114,197. J. H. Ward and M. H. Goldstone, Salford. 
Electrical Cables. (3 Figs.) March 22, 1917.—The improve- 
ments relate in icular to cables or conductors with 
telephones and electrical heating aps Acco to the 
improvements, the braiding, after being applied as to each 
conductor (or tag) end is continued back upon itself for a distance, 
say, rather greater than the length of the tag end, thereby 
providing a neat edge next the exposed of the conductor, 
and the raw end of the braiding terminating at that part of the 


Fig.t. re? 


Seeman“ 


en 


tag end furthest from the exposed end of the conductor, where 
it may be covered by the usual outer covering of the cable or 
conductor. The end of each conductor a is formed with a loop b 
by doubling said conductor back on itself and binding the extreme 





of improved means for separating the oil from the air, cooling the 


aren Cad setzaning 0 to the comin Sue Sutibas ene. According 
to this invention, suction set up by the piston not only draws 





the air, oil and oil vapour from the crank-case a hollow 
rod, but also forces it through a in the oil 
separated from the air and cooled y for further use. The 
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without interferin 
outer crank-webs 


with its over the crank-web. The 
areata sultable angle shaft to facilitate 
the of the big-end over them. That end of the crank 
web B which adjoins its crank-pin C is tly under the 

of the said crank-pin ; and the rollers D can be into the 
annular recess E in the big-end, through the slot F in one of the 
flanges G formed on each side of the recess. The slot is closed 
by a dove-tailed slip of metal H which is held in position by a 
grub screw I. (Accepted March 27, 1918.) 


HYDRAULIC MACHINERY. 








end to the main strand. The braiding ¢ is doubled back on| 144,09. | Galloways, Limited, Manchester. Valve. 
itself at d, and an additional layer of brai e applied above os) a. 14, ary on aoe eee to an 
thelayerc. The layer eis carried as far back as desired to produce pone me Bey TY elastio catertal axed to the wee = ts a 
a neat termination and sufficient to prevent said braidi trie which be pot /4& cut 
becoming unravelled and exposing the connection joint. (Accepted oe tie wteo ? ae Aaoe tp the Cane the aes 
sae any and the ar, phery of th val My bereby the if — 
outer ry e valve, W y w 
GAS ENGINES, PRODUCERS, HOLDERS, &c. Fis eee Rete a Eco Ge ciae ian Eee 

106,472. Societe des Moteurs Gnome et Rhone, Paris, | the circular sheet steel disc valve A, three tongues B, concentric 
France. Internal-Combustion Engines. (3 Figs.) April 3, | with the circumference of the plate and at equal radial distances 
1916.—This invention relates to valve-actuating mechanism for | from the centre, have been cut and their free ends secured by 
internal-combustion engines. The invention consists in an | bolts C, which clamp the valve plate between a seat D and a 
operating mechanism for valves of internal-combustion nes 
in which the usual guiding means is dispensed with, the valve 
which is of the ordinary mushroom type being di y hung by 
its stem on the actuating lever by means of a connection es 
a certain amount of play, so as to give the valve a certain amoun' 
of freedom, especially in a flat-wise direction along its seat. 
The valve a is mounted directly on the actuating lever b and 
having at one extremity a fork d which embraces the rod of the 
valve and ———- it by means of a connecting bolt. The rod 
has two flat cheeks at the place where it is embraced by the fork, 
and further slight play Fd ee penne between the cylindrical surface 
of the rod and the cylindrical surface constituting the bottom of 
the fork ; also the bolt passes through the valve with a certain 
amount of play. Owing to this method of mounting, the valve 
is not connected rigidly to the actuating lever a and can rock 
slightly in such a way that when it closes under the action of a p 
ties n it can close perfectly on its seat. (Accepted April 4, 
1918. 

E. The valve A is pressed against the seat D parti 

114,092. S. S. Guy, Finchfield, by yg t sp F, of which o are provided in the A - 4-4 
Internal-Combustion En: - (1 Fig.) July 25, 1917.— | shown, and partly by the elasticity of the tongues B. The 
This invention has reference to internal-combustion engines of | springs F are Atted in recesses G provided in the i which 
the tandem and double-acting type, and consists in the provision | js accurately centred by lection in @ corres 
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faciltate the use of the former as ga in man 

or this purpose, the rack 7 is oe boe 
ips 8, 18, to enable strips 19, aS, * clamp the 
ide of the table. The rack 7 can 





d| the outer ends of the 





Copeatentiy of the bed, and either before or after the bed is 
mpleted. The rack can be p rallel, to , and 
then used as a testing-piece Hs e ee J ’ bed, 
and aie for sctting She ste 16 a tovafford the rack the ecessary 
working freedom. From the foregoing, it will be sealiond that 
the operations incidental to the Seen o of ao beds, tables 
and racks, are to a great exte of 
the manufacture’ of such machines being thereby greatly | 2 
facilitated. (Accepted April 4, 1918.) 


MINING, METALLURGY AND METAL WORKING. 


Bh a W. Williams, em, © reconshire. Manipu- 
lating Ingots. (2 Figs.) eee ust 8, 1917.—This invention 
relates to ap} tus for a ting ‘ingots, blooms, billets, 
bars and the like in rolling s, and is an a in or 
modification of “the invention described in Specification No. 
According to the present invention, the abutment 

head comprises an abutment portion or ba which is mounted 
to tilt or rock on a pivot while its Me pen ive surface is made 
slightly concave and formed or provided preferably on a portion 


aie x 
LE SSS 





lina = — 








has a pivoted abutment 
g with the movable and 
turn the work d, the operative 
fet j - the jaw we oe curved and provided with abutment 
lormed on a detachable piece mn with a dovetail fixing. 
The jaw fis voted between upstanding lugs or cheeks on the 
head f on a pin &, about which it can tilt to a limited extent, 
and is adjusted by 8c screw sto s I fixed in lugs on each side of the 
head. (Accepted March 27, 1918.) 


114,288. G. W. S. Simpson, London. Pneumatic 
Separators. (2 Figs.) December’ 17, 1917.—This invention 
relates to a ee separator of the kind in which the material 
d surface consisting of louvres arranged to 
form an fnclined plane, meets a transverse current of air — 
moves in a closed circuit. By this invention the se 
comprises a screening surface c consisting of a number of Saves 

to form an inclined plane and —— adjustable 
to vary the openings between them. The mate terial to be separated 
is caused to descend this inclined plane st which is blown 
a current of air; this current carries the + and lighter 


ion or jaw f2 with —- the hea 


a abutment teeth. The head 
pont jaws A, i, 








particles between the louvres, while the pas and heavier 
fall into a shoot g — are discharged from the apparatus, 
current of air blown between the louvres and laden with 

is ey ene 7 SRD & aanedeies of the c 
terminates in a number of curved ou! h 





MOTOR ROAD VEHICLES. 


114,241. W. A. Stari ey. Earisdon, Coventry. Wire- 
Spoked Wheels. (2 Figs.) June 11, 1917. —tThis invention 
has reference to wire-spoked wheels. ‘Acco! to this invention. 

ikes 2 are as usual equi 
oe, but at the hub 

equi-distant groups around the hub flanges coal 
said groups at one end of the hub may be either arranged o 
those at the other end of the hub or alternate therewi post In 


around the rim or fi 
arranged in 


adqee) 


either case the arrangement is poteoty such that none of the 
spokes are radial, i.¢., assuming there are three groups of six 
spokes in each group “the two middle spokes of each group are 
tangential to the opposite sides, of a comparatively small 
imaginary circle concentric with the one 4 f the hub, whilst 
the other spokes on each side are tangential os similar circles of 
ter diameter than the first imaginary om, ats) not exceeding 

tt of the hub flanges. (Accepted April 4, 1918.) 
114,187. E. Fairweather, London. Variable-Gear 
Gear. (3 Figs.) March 20, 1917.—The —— 
invention relates to variable-ratio transmission gearing the 
in which one or more of the gear wheels tignsmitting the 
drtve ve are ‘Slidable axially into by! out of driving connection with 
The displaceable for the purpose of 
pm E the ratio of transmnjseon of Trive from the driving shaft 3 
to the driven shaft 10, is ble along said shaft by the 
usual -striking lever 11, and carries a in od en g with a 
helical groove 13 cut in the shaft 10, w 4 upon 




















wen 14 
it which are truly axial to the shaft 10, these parts being con- 
nected by the helical parts 13. The effect of this is that when the 
gear wheel 16 is in engagement with the gear wheel 5, the pin 12 
is lying in the space 14, and consequently there is no tendency for 
the gearing to come out of en ment. As the member 9, 
however, is displaced by means of a lever 11, to bring the gear 
wheel 16 out Salon ment with the r wheel 5, it is given a 
negative movement of precession to reduce its peripheral Nome yk 
so that the = ral Velocit of the wheel 17 is also reduced 
——wa ter the peripheral velocity of the pinion 6 with 
ch it is about to engage a further movement of the striking 
lever 11. (Accepted April 4, 1918.) 


RAILWAYS AND TRAMWAYS. 


114,168. G. B. Bowles, Forest Gate. Brake Apparatus. 
(2 Figs.) February 16, 1917.—This invention relates to hand 
power-operated brake apparatus for railway wagons of the type 
wherein the tg by which the brake is operated is applied 
directly to the brake mechanism through a rigid connection, 
and wherein the leverage of the brake mechanism is altered 
automatically to suit the load, being increased when the load 
increases and reduced when the load is reduced, so that with 
the same power exerted to ay & the brakes, the pressure of ne 
blocks against the wheels be respectively increased and 

reduced. According to the present invention, the movements 
of the body of the vehicle are caused automatically to vary the 
effective point of connection between a lever a and link i used 
for directly transmitting the power applied through a draw rod 
or equivalent rigid connection to the brake block or blocks of 
the vehicle. In an arrangement of this kind, the lever a may be 


‘ 








h 
\ 























eee, in i 


mounted to turn in a vertical plane about a fulcrum carried by 
a part of the vehicle that does not rise and fall with the body 
thereof, as for instance by one of the axle boxes C of the vehicle, 
and be formed with a longitudinal slot into which extends a pin 
carried by one end of a draw or push rod or link A which is — 
nected by a suspension link é to the vehicle body, the arrangemen‘ 
being such that the rod or link A will fall and rise with the enicle 
body, under the action of increased or reduced load, and vary 
the position of the pin in the slot in the levera. In _ way the 
effective value of this lever will be varied to vary 
with which the block or blocks can be applied to f- > shears of 
= —— to suit the load, without varying the initial power 
app ay She brake and, at the same time, vary the normal 
Gietance of the brake blocks from the wheel or wheels and avoid 
ny nee necessity for varying the travel of the hand or Pot 








means used to apply the brake. (Accepted April 4, 
m8) 





114,283. W. V Turner U.S.A. Fluid 
. CO Fig. —- 30, 19t7.— This invention 


relates to a brake fn geen n which a fluid os brake and 
@ regenerative bi is employed. The fluid pressure brake 
—— comprises a triple valve device 1 for 

easing fi under pressure through pipe 
brake c er 3, a brake pi 
device — 


—— 
brake is 


regenerative oh 8 and comprises fixed 
in in'said circuit, and a movable contact 10 
close the 2 circuit through the 


: 


movable contact 10 is piston 12 contained in a 





to 


14282) 





switch casing 14. A spring 15 tends to hold the switchTclosed 
and the as: 14 is connected to the pipe 2. In tion, when 
= fluid pressure brakes are applied, fluid under pressure is 
cylinder oF ‘the triple valve device 1, through pipe 2 2, to — a 
jinder 3 in the usual manner, fluid also flo 
Ses 12, thereby causing the piston to li 
area of the piston 12 is then exposed to brake cylinder 
jt and the prompt and sudden movement of the 
open the switch is effected. It will now be evident that when the 
fluid pressure brakes are applied, the regenerative braking circuit 8. 
Se opened, so that the regenerative brake cannot be brought into 
action, but so lon; as the fluid pressure brakes remain released 
the regenerative brake circuit . held closed, permitting the 
regenerative brake to act in the usual manner. (Accepted 
April 4, 1918.) 


SHIPS AND NAUTICAL APPLIANCES, 


114,270. J. Fielding, Gloucester. Submersible{Gun 
boat. (2 Figs.) September 26, 1917.—The invention relates 
to submersible boats, and it consists in improvements, the 
characteristic features of which are that the boat is equip; 
with a single large gun b which is so mounted that normally, while 





the boat is being navigated, it remains submerged, but whose 
muzzle can be alternatively brought above the surface of the 
water by trimming the boat to such an angle as will give the 
necessary elevation of the gun, not merely for the muzzle to clear 
the water, but also for the desired range of fire to be attained. 
(Accepted April 4, 1918.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


113,314. P. St. G. Kirke, Westminster. Furnaces. 

(8 Figs.) February 15, 1917. — Gaseous fuel and air for heating 
steam generators, feed-water heaters, and liquids generally are 
mixed first in a primary mixing chamber 3, and afterwards in 
passing through a secondary mixing chamber such as the central 
aperture in a plug B at the entrance to the boiler tube. The 
apparatus is described in connection with a multi-tubular bene, 
each tube of which is fired by a a burner. The gas is 
— at the front of the boiler | pipes or nozzles 6 aamee 
to horizontal branches on a vertical extension of the —— 

Air enters through regulators 8 in quantities ins ient to 
support combustion, and the mixture made in the primary 









































as 


pantie B a 3 passes through the yep 
thes B, entraining from the hot-air jent air 
to co the combustion of the gas. > a passes 
thro’ ‘con the plug at a velocity greater than that of the mixtures 
in the Lge gl or in the tubes, th ends of whic 
Combustion — = be com- 


e near h may 
be lined w ry mate material. 
pleted on ‘ale material in the tubes,  prctecal y Ag arranged 
as described in Specification 17842/15. sight hole 11 Is 
rovided. A third a mas chamber may te arranged between 
aay ee chamber and the combustion chamber. 
The air may heated by the waste heat of combustion, and the 
yg ata is A med worked under exhaust draught produced 
a 


chamber 








